HOW CHILDREN DISCOVER KNOWLEDGE 


High examination marks are necessary but not suffi- 
cient indicators of top scientific acumen. Contrary to 
popular belief, science is not a hard fact gathering acti- 
уйу. Instead, it is a great human enterprise in which 
the futuristic man of science is compelled to think, 
imagine, speculate and consult Book of Nature when 
he begins to investigate and disclose in bits the 
mysteries of nature. 
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FOREWORD 


It is well known that up to about the middle of the 16th 
century scientific developments in India were comparable to 
those anywhere else in the world, but that subsequently a 
number of social, economic and political factors led to lag in 
the development of Indian Science. Over the centuries the 
adverse circumstances faced by Indian Industry, agriculture 
and cultural life in general contributed to the backwardness of 
Indian Science. In the advanced countries of the world, their 
progress was partly due to the development of science, which 
itself was making a contribution to the development of means 
of production and of cultural life. However, even in some of 
the advanced countries scientific thinking, and a scientific 
culture had not permeated the life of the people very deeply. 
In particuJar, a deep consideration of science education was a 
neglected subject until recently. 

Since independence we in India have seen a great expansion 
in the field of scientific education and research. The number 
of schools, colleges and universities which have developed first- 
rate facilities for education in science is very considerable. 
Scientific research has been expanding at such a rate that some 
people have estimated that it is doubling in every four or five 
years. The National Council of Educational Research and 
Training has played a very important role in expanding and 
raising the standard of education in science particularly by 
providing good textbooks and by developing a number of kits. 
New ideas ofenriching science education through work ex- 
perience, field work and discovery approach are a recent 
phenomenon. Nevertheless, one is constrained to say that the 
qualitative change in science education which could have been 
expected has not yet come about, although we are moving in 
that direction. 

One of the serious defects of science ‘‘teaching” is that it is 
almost totally information-based. This makes scientific edu- 
cation at the lower levels a very drab and matter-of-fact 
business which often bores students. At the higher levels it 
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runs through the risk of becoming out of date before the stu- 
dent reaches maturity and takes up any scientific work on his 
own. The learning becomes highly limited. Science which is 
an admirable synthesis of learning and production activity 
becomes a stereotype. The characteristic features of science of 
being open ended, of welcoming change, and of being based 
Оп reason, are given scant attention. Science education instead 
of becoming a liberating and intellectually stimulating experi- 
ence becomes another kind of cut-and-dried dogma. 

The present book of Mr. Vaidya on *How Children Dis- 
cover Knowledge" does not fill the gap since the gap is much 
too wide but it attempts to throw a bridge across it. Mr. 
Vaidya is a teacher of very long and varied experience and in 
the chapters of his book he has in his own inimitable manner 
described the nature of scientific enterprise, the nature of 


thinking and problem solving and of science as an adventure. 
lam sure that 


М the teachers of science can learn a great deal 
from this book, Thope the book will play a part in trans- 


forming science education to its cherished image in our 


Country, 


Rais AHMED 
Director 
National Council of Educational 
Research & Training, 


November, 1974 New Delhi 


PREFACE 


Why this book? First, the scientific education of our 
young boys and girls, at a critical stage of their mental deve- 
lopment, hardly goes beyond the transferring of liquids from 
one container to another in chemical experiments, making 
measurements as directed, and solving model problems. 
Research and innovation are not built into the system. 
Secondly, like any other teacher, the science teacher talks too 
much in the classroom. He lectures dogmatically as well as 
authoritatively on prescribed topics of science which are re- 
motely related to the behavioural objectives of science educa- 
tion. Thirdly, because of old traditions in his local set-up, he 
sees no relevance in stimulating and cultivating scientific and 
technical talent. All this results in a poor crop of swift, 
sceptical, curious and young vibrating minds to run the race 
in science. Fourthly, the school appears to be a place where 
children make little use of their talents and tools because the 
methods of teaching in vogue are not only mechanical in char- 
acter but also. devoid of constructive imagination. Fifthly, 
teachers from their unexamined, day-to-day classroom teaching 
form firm opinions about their wards which prove too difficult 
to eradicate later on.  Sixthly, science teaching at all levels 
has changed radically, in both content and form, in the wake 
of the recent scientific revolution. Seventhly, but indirectly, 
the texture of the consequent problems for the science teachers 
is changing very fast—‘not the reblooming of a perennial’ but 
of obtaining a ‘new mutant’ surmounting individual circum- 
stances (J.J. Schwab). Lastly, a book was needed which treated 
exhaustively the theoretical and practical foundations of stu- 
dent investigations in science. 

So it is addressed to the individual science teachers and 
their students, for carrying on securely the entire process of 
scientific inquiry, accomplishing in the process, the high stand- 
ards of project reports required in the Science Talent Examina- 
tion conducted by the NCERT every year against the back 
drop of Hypotheses Setting and Testing Approach Philosophy. 
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Science is a branch of human knowledge which not only 
encourages but also flourishes on rebellion. The best tribute 
that a disciple could think of paying to his great master is by 
contradicting his work. Naturally more the controversy, the 
more revolutionary ideas. Scientific knowledge would be gener- 
ated with immediate or near immediate impact on other 
branches of human knowledge including personal and social 
affairs. “What is Science 2”, therefore, receives different 
answers from different categories of people. A few borrowings 
from literature really add to the confusion, because these are 
taught, learned and quoted emotively out of context. In the 
enthusiasm of teaching new concepts and skills of the recent 
curricular programmes, it is very frequently forgotten that 
‘Science, like life, feeds on its own decay’ (William James). If 
sought, points of contact may be discovered between past 
knowledge and the present knowledge. In 1638, Galileo 
hypothesized that a water column, like a long rope, broke down 
under its own excessive weight when a water pump failed to 
raise it beyond a certain height. Two years later, after the 
death of his master (Galileo), Torricelli hypothesized and con- 
firmed the existence of air pressure. Prof. Pettenkoffer of 
Munich swallowed in full public view a whole phial of cholera 
germs without harm to himself, for he believed firmly in their 
impotence. He believed in will power or the disposition of the 
individual. Result : the concept of immunity was born later on. 
Dr. Paul Ehrlick made 605 unsuccessful efforts before he could 
develop successfully Salvarsan for the treatment of syphilis. 
He named it the 606th formula, Howard Rogers studied un- 
successfully about five thousand chemical compounds before he 
invented a new chemical molecule for obtaining instant pictures. 
Despite confirming evidence, nobody took seriously the chance 
relationship that the ‘gestation period measured in days of 
animals ranging from rabbits to cows was a multiple of 22/7". 
Father Spllanzani won truth from nature by ‘dazzling experi- 
ments, close observation and insane patience ; and obtained 
money and advanced by work, cunning, plots and falsehoods'. 
*He received protection from religious persecution by becoming 
a priest.’ It should not be forgotten that scientific experimenta- 
tion does not invariably yield clear-cut solutions. Scientific 
evidence, even when collected objectively, does not immediately 
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become acceptable. So, failure in science is not a rare event. 
What is science then? The literature on history of science 
answers the question as follows : 

Science is a great human enterprise, not only endless and 
faceless but also stable and fluid. It is less complicated than 
an erratic lady who cannot’correlate her varied behaviours. It 
is self-growing, self-accelerating and self-correcting which 
originated in the immense curiosity of man since times 
immemorial. It attempts to provide an objective body of 
knowledge, through objective as well as subjective procedures, 
which is as objective as the prevailing conditions make it, that 
is, do not challenge it. In every generation, it operates in a 
certain frame of reference which yields to another imperceptibly 
and gradually or sometimes even violently in the light of new 
evidence. 

It thus wheels on dogmatism, dynamism and discovery at 
the same time. Open mindedness, arousal and maintenance 
of curiosity, questioning the basis ofall things (including assump- 
tions), collection of data, demand for verification and proof, 
respect for mathematical arguments and logical proofs, 
including statistical reasoning, suspended judgement, acceptance 
of warranted conclusions and willingness to change one’s 
opinion in the light of new evidence are some of the prominent 
ferments which characterize the scientific enterprise. Interest- 
ingly enough, it is an international activity, least confined to 
national frontiers. Incidentally, accidentally and intentionally 
(through research and development followed by the commercial 
exploitation of scientific discoveries), it strengthens national 
economies, creates new resources, accelerates vast employment 
and attempts to build global outlook on problems which affect 
man and his life. 

One cannot fail to see that the era of making positive and 
assertive statements in science is now gone. With this is also 
gone the age of putting stereotyped questions and obtaining 
fixed answers. It does not need any emphasizing that the 
scientific education of our young boys and girls towards the 
latter half of the twentieth century and even beyond it demands 
that ferments like discovery approach, mastery of research 
operations in their varied aspects, teaching for problem solving, 
and the development and improvement of thinking and self- 
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4. It clearly illustrates the role of scientific methods in 
the acquisition of past as well as current knowledge 
at the school level. 

5. It is generously suggestive rather than prescriptive in ` 
assisting students to think and work hard on a given 
problem in a variety of ways. 

6. It indirectly creates abundant resources for advanced 
instruction and experimentation; and directly strength- 
ens laboratory work and classroom teaching. 

7. Lastly, it is a source book for several project ideas 
for both science students and their teachers heading 
for partnership in the pursuit of truth. 

The organization of this book is very simple. It contains 
eight chapters in all. The first chapter is elementary and 
introduces the readers to the investigative aspects of science. 
The second and third chapters deal exhaustively with the 
nature of scientific enterprise,. and thinking and problem- 
solving. The fourth chapter on Science As Past Adventure 
discusses some major scientific episodes which reflect, in the 
process, the Real Variable Natural Spirit of Science. The 
fifth chapter discusses Exposure to Fundamental Scientific 
Phenomena on the cheap. The sixth and seventh chapters report 
projects and project ideas, essays and improvisations. The 
last chapter discusses in brief a few frontiers like Stress on 
Productive Thinking, The Science Youth Project and the 
Reporting and Judging of Projects. The chapterwise references 
consulted have been given at the end of the book. Additional 
references have also been given. 

I would like to take the opportunity of thanking the 
librarians of the Institute of Education, London; The Senate 
House, London; the Institute of Education, Birmingham; 
the National Institute of Education, NCERT, New Delhi; 
the Central Institute of Education, Delhi; Punjab Uni- 
versity, Chandigarh; Technical Teachers Training Institute, 
Chandigarh; and the Regional College of Education, Ajmer. 
As regards individuals, I am deeply indebted to Principal 
J. K. Shukla, Principal Р. D. Sharma, Principal В.С. р 
Principal С.В. Kanoongo, Юг. М.С. Pant, Prof. AU К аѕ, 
Prof. Irwin Slesnick апа Prof.W.J.Jacobson for clarify; м Ose, 
of my ideas. I am also very much obliged to my е 

agues, 
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particularly Shri G.Guru, Shri Piyush Swami, Shri K.C. Goyal 
and Shri B.S.Singh for their contributions suitably acknowledged 
in this book. Parts of the manuscript were also read by Shri S.B. 
Singh, Shri M.K. Gupta, Shri S.C. Jain, Shri I.D. Misra and 
Miss S.K. Ram. Two projecteers of the Individually Accelerat- 
ed Science Teacher Education Project: Miss Manorma and Miss 
Gargi also gave some comments. All these Suggestions have 
given me added confidence in Presenting a personal point of 
view in investigative Science, characterized by principles of 
inquiry, always remaining under Constant fire, questioning the 
plan rather than its details (J.J. Schwab). 

Let me now bring this preface to a close, 
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1. Investigative Science 


The story is told in the University of Paris that the 
philosophers there once disputed among themselves as to the 
number of teeth in a horse’s mouth. They argued'that the 
number could not be a multiple of three, for that would imply 
disrespect to the Trinity; nor could it be a multiple of seven, for 
the God created the world in six days and rested on the seventh. 
Neither the authority of Aristotle nor the ingenuity of the 
learned doctors could resolve the problem, but it was finally 
settled by a vulgar young who opened the mouth of a horse and 
counted the teeth. 


—Eric Ashby 


I have been unable to see anything in the constitution 
of your society to prevent a student from bestowing the most 
steadfast devotion on pure science. If great scientific results 
are not achieved in America, it is not to the small agitations of 
society that I should be disposed to ascribe the defect, but to 
the fact that the men among you who possess the endowment 
necessary for a profound scientific inquiry are laden with the 
duties of administration, of tuition so heavy as to be utterly 
incompatible with the continuous and tranquil meditation which 

original investigation demands. 
j ... You have scientific genius amongst you. Take all un- 
necessary impediments out of its way. Keep your eye upon the 
originator of knowledge. Give him the freedom necessary for 
his researches, not demanding from him so-called practical 
results—above all things ayoiding the question which ignorance 
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so often addresses to genius, what is the use of your work? 


—John Tyndall 
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and precise description, classification, repetition, consensus, 
experimentation and measurement. For W. Pauli, it is not 
the fixed answers to the fixed questions (both can vary depend- 
ing upon the questions to be pursued) but it is to ‘attain the 
understanding of the relationship which connects the answer 
to the problem’. С.Р. Snow goes a step further by saying that 
‘scientific culture’ is not only intellectual but also ‘anthropo- 
logical’. ‘Even the scientists do not appear to understand each 
other completely! What applies to science also applies to 
scientific method which turns out to be a significant ingredient 
of the philosophy of science. The main functions of the latter 
are to define and redefine science concepts ; identify the various 
areas of scientific research which can be more profitable and 
productively attacked ; investigate assumptions underlying the 
nature of reality, and to present a coherent and consistent 
picture of reality based upon findings in the different branches 
of science!. 

Views also differ widely on what actually constitutes a 
Scientific Method. Some say that there is a scientific method 
and various steps in it can be identified and even made the 
specific objectives of teaching. There are others who say that 
there is no such thing as the scientific method. Everyone has 
to find his own path and in this wide context, scientific investi- 
gation is pathless with no restrictions whatsoever imposed 
on it! There is then no sanctity in the rigidity regarding the 
steps of the scientific method which have acquired a ‘natural 
status’ like the steps in problem solving with the passage of 
time. This is why the use and practice of scientific method 
does not always guarantee a solution to the problem.? Consi- 
der the following examples. 

We still do not know how exactly the insertion of a loop 
checks pregnancy. All the answers so far obtained to this 
problem are at the hypotheses stage but the medical research 
is not idle on this as the material as well as shape of loops is 
continuously being improved upon and may throw light, may 
be dim, later on?. Scientists obtained conflicting results on the 
efficacy of vitamin C which were reconciled later on by the 
discovery that the rats possess the inherent ability to manu. 
facture vitamin C out of the diets fed to them. About 2500 
years ago, Pythagoras, a great mathematician, hypothesizeq 
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solely on argumentation about the shape of the earth. Nobody 


took his hypothesis Seriously till Columbus made a business-like 
use of it. The planet Uranus did 
mathematically, The res 


planets, namely, Neptune and Pluto. 
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Formulated definition of science 


Science is Ideas and Techniques at Work in the Pro- 


gressive Unfoldment of Natural Knowledge. According to 
William James, science, like life, flourishes on its own decay 
by discovering new facts which challenge productively its once 
Well established rules, "New facts burst old rules, then newly 
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divined conceptions bind old and new together into reconciling 
law". Itis, therefore, least surprising to know that science in 
its game of development loves rebels rather than conformers. 
The best tribute a disciple can pay to his teacher is by contra- 
dicting his Guru’s work®. In this context, science is a great 
human enterprise ; not only endless and faceless but also stable 
and fluid. It is less complicated than an erratic lady who can- 
not correlate her past behaviours. So it is self-accumulating, 
self-growing, self-pervading, self-accelerating and self-correc- 
ting enterprise which originated in the immense curiosity 
of man about his environment since times immemorial. It 
attempts to provide an impartial body of knowledge, through 
objective as well as subjective procedures, which is as objective 
as the prevailing conditions make it, that is, do not challenge it. 
In every generatian, it operates in a certain frame of reference 
which yields to another imperceptibly gradually or even vio- 
lently sometimes in the light of new observations and interpre- 
tations. It thus wheels on dogmatism, dynamism and discovery 
at the same time. Open mindedness, arousal and maintenance 
of curiosity, questioning the basis of all things (including 
assumptions), collection of data, demand for verification and 
proof, respect for mathematical arguments and logical proofs 
including statistical reasoning, suspended judgement, acceptance 
of warranted conclusions and willingness to change one’s opi- 
nion in the light of new evidence are the ferments which charac- 
terize the scientific enterprise. 


What is science then? It is puzzle-solving or problem- 
solving or an exercise at abstracting and reabstracting know- 
ledge and skills with a view to approach and understand the 
unknown. This is done through diverse ways which embrace 
in one form or another the so-called steps in scientific methods : 
Observation, problem survey, formulating and reformulating 
problem, setting up hypotheses and control experiments, 
suggesting plausible explanations, on the basis of evidence 
collected, finding exceptions, developing, using and refining 
concepts, mathematization of arguments and their application 
to dig new knowledge, finding principles and laws, and 
lastly developing relevant theories which influence our global 


out-look. 
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h itself in the existing body of 
knowledge, There is thus dogmatism in science but the very 
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years on this complex enterprise. By chance, he now came to 
know Jacques Mandé Daguerre who was already working on 
this problem. In 1825, itis of interest to mention that his 
wife asked a well-known chemist named Jean Baptise Dumas 
whether her husband was mad or not in this hunt of the prover- 
bial goose. Both collaborated and obtained positive pictures 
butthe progress on the patient road to discovery was little. 
Niépce Nicéphore died and Daguerre persevered alone. In 1837, 
he found that his spoiled plates, when placed in a cupboard for 
a couple of weeks, on washing for re-use had produced beautiful 
positive pictures. He was wonderstruck and again repeated 
this happening. Again he got pictures. He did not believe in 
miracles but in chemical means. He searched his cupboard in 
vain but failed to find any causal agent. He took a magnifying 
lens and found a few drops of mercury in the tiny fissures of 
the cupboard. He had moment of his insight, that is, the 
vapour of mercury had done the trick. He tested this hypo- 
thesis by placing plates in the atmosphere of mercury 
vapour in the dark rooms.  Magically, the picture came on the 
screen. Photography was thus born. Notre Dame stepped 
down majestically on the plate very faithfully to be carried 
home by anybody. There were some enemies as well, parti- 
cularly speaking, Daumier. Baudelair went a Step further 
and declared : 


These are deplorable days in which a new industry contri- 
butes to the maintenance of stupidity and to the destruction 
of all that has remained divine in the spirit of France’. 


(b) Take another example. John Logie Baird, born in 
Scotland in 1888, wanted to attempt something big in life. 
During his childhood, he was interested in technical things. 
His telephone wires badly inconvenienced a coach man for which 
he was strictly forbidden by his father not to carry on any more 
excursions into the electro-technical field. He obtained a 
degree in physics and electricity. Due to his bad health, he 
could not continue on a job and therefore, started business 
which was again a fruitless adventure. He sold socks, Osmo 
boot polish, jam, Australian honey, coir fibre dust and French 
soap. Now he had two options left, namely, tinkering With 
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razor blade and television. 


He was advised the former but he 
chose the latter. 


As already mentioned, he had bad health and 
on top of it, had bad financial Condition bordering on star- 
vation. He had little chance of success in this venture for the 
theoretical solution of the television was known for the last 
forty years. The whole Scientific Community talked of insuper- 
able difficulties to be mastered but Baird did the trick. He 
carried on this self-imposed task. Consider, what did he do ? 
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from one of his cousins, Pers did not find a st 
publication on what he уу i 
ceeded to televise an offi 
and bear the instruction 
born. Interestingly enough 
B.B.C. which refused to See 
British people. He Sought 
Successful!o, 

(c) Every Schoo 
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Is it really true ? Let me find out! George Grahm, a famous 
London Clock maker, asked himself this question. In seeking 
answer to this question, he was very much troubled by the Lon- 
don traffic which affected his observations. In the process of 
experimentation, he had to design a mirror and metre arrange- 
ment for making his observations very sensitive. He found that 
the magnet does move by a small angle. Michael Faraday was 
also curious about this phenomenon who attributed this small de- 
flection to the slightly magnetic property of Oxygen. Lord Kelvin 
found that the magnetic variation occurs during day time only and 
attributed this phenomenon to sun's magnetism. Others put seve- 
ral other hypotheses. Balfour examined these hypotheses critically 
one by one and after eliminating all except one came to the con- 
clusion that the cause of magnetic variation during the day time 
lay in ‘horizontal electric current flowing during the day in 
upper atmosphere’. No crucial test to test this hypothesis was 
available then. Later on, part of the evidence was provided by 
Lord Appleton who showed that the upper atmosphere behaved 
like an electrical conductor whose conductivity, like the daily 
variation of earth’s magnetism, varied with sun spot activity in 
the sun. Not long ago, American scientists sent rockets in the 
upper atmosphere; and deflection in magnetometer showed the 
existence of ionized gas about sixty miles above the ground. 
Thus the grand hypothesis became a theory"!. 

(d) The chemists had analysed several inorganic gases, stu- 
died them and propounded the atomic theory. When it came 
to the analysis of organic compounds, they found that their 
basic concepts so relevant to inorganic chemistry failed so mise- 
rably when applied to organic substances. For example, two 
organic substances, ethyl alcohol and dimethyl ether, had 
exactly the same chemical composition (two carbon atoms, one 
oxygen atom and six hydrogen atoms) but different properties, 
that is, one is a gas and the other a liquid. Why this anomaly ? 
Berzelius then propounded that the Chemistry of Living Things 
was something different which had its own subtle rules. Та his 
opinion (firmly held and shared by many chemists of the day as 
well), only living bodies could produce organic compounds 
In 1828, Friedrick Woehler prepared an organic substance ҮЧ 
the laboratory by heating ammonium cyanate. It, on further 
testing, turned out to be Urea, a component of Urine. It was 
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discovery public. 


Seventeenth century. And 


eighteenth century that 
Lavoisier Supplied the t 


rue interpretation, His laboratory 
‚ led to the 


He spent thirty 
ly barometric readings for identifying 


affect weather, He heated water for 
in a special type of flask (Pelican) to 


The small but 
of nitrogen led to 
non-reactive, The 
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closely with the one obtained from quantum theory. They 
instead tried a subsidiary hypothesis assuming the existence of 
two states of hydrogen. This removed the anomaly. This is 
the way, the investigative way along which the hypotheses are 
set up, tested and reformulated (and even combined) that an 
objective body of knowledge results.!* 

What applies to science also applies to engineering to a vary- 
ing extent. But, generally speaking, the engineers are quite 
oblivious of the assumptions made by mathematicians and 
physicists in their theoretical derivations. For example, without 
suffering any theoretical inconvenience, the engineers can draw 
a straight line on earth without defining it. They have to do so 
for they have to solve the practical problems. Metallurgists, for 
example, find information on the chemical composition, tensile 
properties or hardness ofa given alloy inadequate. They do not 
feel dejected because they supplement this information by supply- 


` ing its entire manufacturing history, for its varied, utilization.’ 


In conclusion, all the above mentioned examples illustrate the 
theoretical as well as the practical difficulties: with which 
Scientists and technologists have to live with. They do not at 
all discard the complex problems straight away which appear 
too opaque for them at the beginning. Instead, they reexamine 
them at depth and pose them in their solvable forms with a 
view to master the consequent difficulties gradually. 


Illustrations from classroom experiences 
It is a poor application of science if it is raised to a slogan: 

Science Is Doing. There are other aspects to the spirit of 
science (discussed in the second chapter) which are more impor- 
tant than doing (or merely bottle washing) for here the manner - 
of doing is to be guided by the hypothesis setting and testing 
approach. It is possible for the science teachers to find many 
growing points for the development of a large number of 
scientific concepts in their physical and social environment. 
The author engaged fruitfully eleven year old British children 
and fourteen years old Indian children on Benefits of Electri- 
city to Mankind; and The Foods We Eat, for not less than 
three months each. The British children recorded not only 
the benefits of electricity but also the electrical devices they have 
(or had) used, seen and heard both at home, in the community 
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and at school. They were goaded to see most of them from 


inside, draw pictures as these looked from inside, and classify 
them on the basis of Four Effects of Electric Current. Discus- 
sion then centred on the production of electric current which 
incidentally led to the manufacture of atomic and h ydrogen 


bombs. Students set up several experiments for demonstration 
which, in the Process, led to 


fabrication of equipment. Then 
they felt the need for knowing about Ohm’s Law, Laws of 
Resistances and Wheatstone Bridge” The Indian children were 
equally enthusiastic. They noted all the foods which they ate, 
including drinks. The question then arose: Why do they eat 


only these particular foods ? Immediately, it became possible 
to classify the entire group into уе 


getarians and non-vegeta- 
Tians. It became difficult to continue with the lesson for the 
discussion immediately led to religious issues. The variety of 
foods eaten by them were then analysed into the main consti- 
tuents of foods; 
mineral salts, 


youngsters gaye д 
Education, Delhi (who Closely question 
telling her that Vitamin D Was not f 

эй en 5 not foun 


: tracted str 
in few of these Ways that th 


ed them on foods) by 
d in sun rays for it 
tom themjs [t is only 
reflective atmosphere. CENE Captures a bit of e 
the Centre of Inquiry Where chii deg Pecomes to a certain exte 
and relearning with S dis 


59 Оп learning, untearning: 
constipation due to massive 


at all introduced to 
ey used their available know- 
he process €mployed unorthodox 
Urned out, largely Speaking, to be Successful, 
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Use of reference texts was allowed. To quote Jackson : 

Most of them started by determining the density; and 
thus discovered in which part of the periodic table they 
should concentrate their research. So they now tried a 
series of displacement reactions, whilst others made a series 
of cells against known electrodes. So they knew its position 
in the activity series. Then and only then did they com- 
mence more orthodox chemical reactions— What was the 
effect of heat, could it be oxidized, how did it react with 
chlorine, and how did it behave with acids and alkalies ? 
The majority concluded that the metal was tin. All of them 
knew that it was a metal of density 7.3 which was more active 
than Copper and less active than iron and zinc, and all 
could give a reasonable summary of its chemistry? 


(b) In another classroom, the teacher posed his students 
several sub-problems. One of them was to investigate the rela- 
tionship between time and the area of the hole’. The students 
were free to choose methods of investigation relative to their 
problems. They were asked to return after they had solved the 
problem. Again, it is a discovery for these four students be- 
cause they are thrown to their resources to tackle this problem. 
For example, they have to think of going to tin-smith section 
for getting holes of known diameters punched in tins. They 
have also to think unaided of apparatuses likely to be required 
in this experiment. They have then to record results of several 
pourings which were as follows : | 


Diameter d in cms. | 1.5 | 2 | 3 | 5 


Time t in seconds | 26.7 | 15 | 6.8 | 22 


The problem does not stop here. The problem solvers have 
first to feel or suspect the likely relationship qualitatively. They 
suspected the relationship rightly and drew graphs between t and 
d, t and 1/d, t and 1/d?, and saw the types of curves obtained. 
They even went to the extent of extrapolating these curves for 
answering other questions. By getting another tin, they verified 
the graphical value. Other factors were varied and the attack 
on the problem continued”. 

Knowledge of facts alone is not sufficient. More important 
is how facts are used by growing children, One of the 
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is pupils. Тһе latter have to be 115 
Nees before they can develop their 
Cognitive structures, These Cognitive structure grow with rep- 
ituations as possible, In the first 
type of lesson, e the natural environment. They 
will play, Say, with mirrors and lenses. 
Several ty cepts perceptually which are not to 
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that they are being undereducated but they are being miseduca- 
ted on a large scale. Foreign experience at least clearly tells the 
author that European children would not have behaved different- 
ly or fared better than our young boys and girls in similar 
circumstances. The former in frustration would have not only 
kicked their teachers outright but also burnt their science labo- 
ratories. It should not be forgotten that, not long ago, in Eng- 
land science was prescribed to those who had feeble minds or 
hard heads and clever fingers’ (Eric Ashby). We are more for- 
tunate than them in this respect in our country. The solution 
to our problems in the area of science education lies in concent- 
rating more on substance rather than shadow, more on forma- 
tion rather than information; and more on the development of 
scientific attitudes and skills rather than on down-grading con- 
tent unreflectively. The question then arises : How can we do 
this? The answer is by attempting part of the syllabus in an 
investigatory manner. Successful experiences- thus gained 
should be utilized to tilt the balance favouring the achievement 
of modern objectives of science teaching. It should be borne 
in mind that what applies to science also applies to other school 
subjects. So there has to be a systematic attack on the Mecha- 
nical Habits of Thinking among pupils by all the teachers other- 
wise the result of our efforts would amount to Stretching an 
Elastic String. 

It is difficult to find a hard and fast definition of Project in 
the literature surveyed in this book. One always anticipates 
difficulties inherent in this exercise. But still, it is possible to 
make the meaning clear, as far as possible. It is just like telling 
more about a Hindu who is neither a Muslim, Christian, Parsee 
nora Sikh. Or a Railway Time Table is not a piece of English 
literature despite the fact it is a big book. The same thing 
applies to the definition of Project. It is neither an essay, an 
experiment, demonstration nor an improvised equipment or a 
table of observations alone. If we go a bit further, answering 
a question also does not define a project (what is your name 2), 
But at the same time, all these are the ingredients of a good 
project. One has to encounter a problem (even several problems) 
repeatedly. One has to formulate it as sharply as possible so that 
it could be managed. One has to set up hypotheses and test 
each of them under controlled conditions, How to test them 
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becomes a problem of designing controlled experimentation as 
well as finding working materials as well as acquisition of new 
techniques: This is a function of what sort of data to seek and 
collect for answering the aims of investigation? One has then 
to collect the relevant data quite carefully with little outside 
interfering factors. Now comes the moment for the investiga- 
tor to draw reasonable inferences or interpretations. The in- 
vestigator does not Stop here. He has also to evaluate the 
interpretations as well as Suggest other subsidiary projects un- 
less it is the last word on the Project. Searching a.problem, 
solving it experimentally, theoretically or both and suggesting 
other problems are the three Significant pupil behaviours which 


reason why an unsuspected meth 
a successful solution becomes a Part of scientific 
in which different scientists choose and use 
procedures relative to problems under study; 
consequently talk of scientific methods rather 
method alone??, 


methods and 
and hence we 
than scientific 


Functions of investigative projects 

Both tangible and intangible benefits result, when Science 
students begin to undertake investigative projects at School. 
'They know first-hand what it means to tackle a Problem experj- 
mentally as practising scientists. Secondly, they begin to assi- 
milate classroom instruction reflectively rather than absorb it 
like a sponge. Thirdly, they begin to familiarize themselves 
with research tools. Fourthly, they begin to learn how to tackle 
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difficulties and seek varying levels of acceptable solutions under 
the existing conditions. Fifthly, they begin to show gains in 
several personality traits, for example, perseverance, emotional 
stability, self-confidence and co-operation etc. Sixthly, they 
learn to admire the work of past workers who gave thought to 
complex problems. Seventhly, possibilities rather realities be- 
gin to dominate their thinking. This is why the role of scienti- 
fic attitude is more critical than the role of massive dose of 
information in the basic education of our boys and girls. Lastly, 
they begin to learn to pick up independent habits of thinking 
and working as well as develop friendship with the School of 
Difficulties not only in the world of science but outside of it 
as well, And this leads to self-education, the chief distinguish- 
ing characteristic of any first class educational system any where 


in the world. 


Features of investigative projects j 
enerate new experience and 


It is evident now that projects 8 r 
beyond the textbooks. It is just 


knowledge for pupils much : ies 
Possible that some of them may stumble against certain original 
Problem bordering on intense curiosity. They may as well dis- 
cover original facts like Galelio who found that the period sim- 
ple pendulum depends strictly on the length of the pendulum 

It hardly matters if they 


before he had entered the university. à 
discover new facts with wrong interpretation (It was found 


much, later on, that Galelio had discovered moons rather than 
d Janet). The features mentioned 


any other hitherto unknown p у r 
below may be only considered suggestive rather than prescrip- 
tive for the very reason that the authoritarian principle does 
not work in the domain of science. Lastly, unnecessary and 
unimaginative restrictions with a view to get quick results kill 
the very soul of science. In this context, the following features 
of investigative project are suggested: 

(a) It should illustrate а scientific or principle from the pure or 
applied sciencc. There is no ban on including other branches of 
knowledge like psychology, history, economie development and 
even the history of science involving precising and documenting, 

(b) It should involve some scientific experimentation and 
reflect the development of some scientific skills toa remarkable 
degree. To put in other words, it should show some forward 


2 (45-55/1972) 
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thinking and action on the part of the student which goes much 
beyond the conventional text book and laboratory exercise. 

(c) It should make use of, largely speaking, inexpensive 
materials easily available in the environment. One should not 
finish with the improvised apparatus but, on the other hand, 
sincere attempt should be made to use it as a vehicle for further 
investigation including verifications, say of physical constant. 

(d) It should be neither too difficult nor too easy. If it is too 
difficult, it is not likely to be attempted. If too easy, it will lose 
much of its charm and function. In fact, attempt should be 
made to select projects in keeping with the mental development 
of children. There will be also then no problem of motivation. 

(е) It should not take unnecessary long time to complete. 
Otherwise due to the various demands made on the pupil’s time, 
the project may be left in disgust, and lastly. 

(f) It should be well constructed for display and attention 
getting. For this very reason, it should be quite durable23, 

Science teaching in our country despite our best efforts to 
improve it, is in a very bad shape. Our students pass their 
examination but they are not all familiarized with the nature of 
Scientific enterprise. We thus fail to build quality into our 
science teaching for the very reason that innovation and re- 
search are not built into it. Investigative projects, thus, show 
great promise in Overcoming the main deficiencies of science 
teaching. Our experience at the science youth project clearly 
demonstrated that investigative projects need not be very costly 
for a vast majority of pupils. If carried out in the right at- 
mosphere and spirit, work on the Projects is a transforming 
experience both for the students and teachers in posing problems 
and seeking their solutions at depth experimentally. We can 
thus succeed to impart training in Scientific methods using 
cheap materials. If suitably bent, the completed projects can 
supplement and enliven day to day classroom teaching, If 
carefully cultured and nurtured through proper guidance and 
follow up, investigative projects will surely turn out to be an 
Impact Nucleus; away from stressing memory, in learning 
science with the inherent potentiality of changing the scientific 
and techonological face of a tradition bound society having 
“wo big majorities of the poor and the young’. Here, the role 
of teacher is critical, Neither the grades of the Kothari 
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Commission пог the borrowed consultants and equipments from 
abroad can solve our problems if majority of the science 
teachers lack will and imagination to visualize the kind of work 
they are supposed to perform at school. Like Hawthorne 
Effect, it may just well turn out that there is no direct relation- 
ship between facility and efficient science teaching. The deve- 
lopment of face to face quality relationship may do the whole 
trick. Positive attitude to work rather than dissatisfying work- 
ing conditions may turn out to be a more important factor. 
Conditions and feelings outside the job may turn out to be more 
critical than the actual opinionated conditions on the job. We 
have not forgotten the students here. They may offer extra 
co-operation if they find that their teachers are taking more 
interest in them than is generally the case. Teachers, who have 
worked freely with their pupils, report wonderful experiences. 
Quite unbelievable ! In fact, the pupils have led their teachers 
for the formers did not know the end points of their investiga- 
tions. The latter knew and therefore had to dampen their 
enthusiasm reluctantly with a strong foot down for the fear of 
their failure in examinations. It is questionable whether this 
practice is desirable or not when they are in a mood to master 
the stimuli rather than the restraints. It is, of interest, to 
mention here the case of Professor Harold. C. Urey who, at the 
age of fourteen, got one mark more than the pass mark to go 
to the high school. He would have failed had he obtained one 
markles. He wona Nobel prize for discovering heavy hy- 
drogen by hypothesizing its existence on the basis of carefully 
and accurately found atomic weight measurement of hydrogen 
and oxygen which, later on, were found to be in error**. Had 
he been born in India, it is just possible that a man of his cali- 
bre evaluated poorly by the examiners would not have qualified 
for the post of Chemistry teacher at school. In depression, 
he would have opted for something else. Nobody can deny 
that we do not have Ureys among our young projecteers in 
our vast population of young boys and girls at school. Like 
oil, they remain buried under the ground. So it is another 
method of losing talent, according to rules, unknowingly with 
incalculable loss to the growth of futuristic first rate scientific 
community in our country. Consequently we remain poorer to 
the extent this loss takes place every year, 


2. The Nature of Scientific 
Enterprise 


(i) A sense of design and order, and a delight in classifica- 
tion and system, is c i 


iberate grouping and ordering, a putt- 


a sonata, for instance, must be Sought i 


of the mind, in Something that mày be called an aesthetic 
sense, for want of a more precise 


S and inner con- 
victions, and no body can bring anything approaching a proof 
that heis a wrong-minded or a bad artist. The only appeal 
is to canons of taste, to the.accepted opinions of practitioners 
and critics, which may be widely divided, while even the verdict 


of the majority will vary from age to age, and from clime 
to clime. 


Science does not differ from art in being an orde 
arrangement, nor, inspite of widespread belief, is the man of 
science deprived of the aesthetic satisfaction that a well balanc- 
ed piece of work gives the artist. „He can often with Justice 
speak of a beautiful experiment, even if all that is observed is 
the movement of a Spot of light through a measured distance, 
of an elegant deduction, and of a Pretty proof. It is in its 


ring and 
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subject-matter in its criteria of truth that science differs from 
art and, for the matter, from philosophy, as the word is under- 
stood nowadays. 

The subject-matter of science is the body of observed facts of. 
Nature, and the test of the truth of a deduction is its agreement 
with experiment or observation. In art, the masterpiece of one 
generation may be derided as worthless by the next : in philoso- 
phy, a beautiful chain of reasoning can claim merit even when 
it makes no appeal to any such hard facts as are the subject 
of general agreement. In science, however, the achievements 
of one generation represent something won from Nature which 
remains as definite gain and definite progress : an experiment 
properly carried out remains for all time. The most ingenious 
agreement has no validity if it leads to a result which is contra- 
dicted by experiment. The sense impressions of the external 
world are the ultimate court of appeal, and the innate sense 
of the fitness of things, which may vary from person to 
person, and from school to school has to yield to observa- 
tion of what lies outside the observer. There is in science 
no book orcourt or canon to which all difficulties can be 
referred, except the book of Nature. There is no appeal to 
the emotion nor invocation of agencies lying outside laws 
deduced from the experience of many independent observers. 


—E.N. da С, Andrade 


(ii) The field of science is unlimited, its material is endless, 
every group of natural phenomena, every phase of social life, 
every stage of past or present development is material for 
science. The unity of all science consists alone in its method, 
not in its material. The man who classifies facts of any kind 
whatever, who sees their mutual relation and describes their 
sequences, is applying the scientific method and is a man of 
science. The facts may belong to the past history of mankind, 
to the social statistics of our great cities, to the atmosphere of 
the most distant stars, to the digestive organs of a worm, or 
to the life of a scarcely visible bacillus. It is not facts them- 
selves which make science, but the method by which they are 
dealt with. 

The material of science is co-extensive with the whole physi- 
cal universe, not only that universe as it now exists, but with 
its past history and the past history of all life therein. When 
every fact, every present or past phenomenon of that universe, 
every phase of present or past life therein, has been examined, 
classified, and co-ordinated with the rest, then the mission of 
science will be completed. What is this but saying that the task 
of science can never end till man ceases to be, till history is no 
d development itself ceases. The goal of science 


longer made, an 
МАМ 
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is clear—it is nothing short of the complete interpretation oi 
the universe. But the goal is an ideal one—it marks the re i 
tion in which we move and strive, but never a stage we s ae 
actually reach. The universe grows even larger as we learn 
understand more of our own corner of it. 


— Karl Pearson 


SECTION A 


Impact of science and technology i 

Science, engineering and technology, now considered Syno- 
nymous by laymen, are in the news. It is no wonder then when 
it is being said with a great bang day in and day out that we 
live in the age of science, engineering and technology. There 
are reasons for this because there is hardly a village of signifi- 
cance over the globe where the fruits or products of science in 
one form or another have not entered. It is a fine human 
achievement which became possible, largely speaking, on 
account of the intensive application of pure scientific research 
made in the nineteenth century. Imagine the consequences ! 
Distance and time stand fully annihilated. Atom, electron, 
nuclear fission, radio physics, biophysics, biochemistry, radio 
chemistry, synthetic fibres, newer and newer drugs, discovery 
of revolutionary building materials and techniques, atom- 
smashers, computers, communication satellites, electron micro- 
scope, and lastly, the Space travel (the fantast 
man іп space!) have become 
stimulated our thinkin 
human outlook. 


They have 
h little change in 
n that we live not 


C and power. In 


5, namely, bullock 
they appear to represent 
€ developing countries are 
This biting situation is natural 
ndustrial Revolution for reasons 
By developing science and technology 


also taken into consideration, 
because they missed the first T. 
beyond their control. 
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indigenously as well as borrowing it from the friendly developed 
countries, they are now trying hard to eradicate by telescoping 
their age old intellectual, social, economic and political back- 
wardnesses within a few decades. These efforts at all round 
improvement originated some time in the late forties. This 
successful global effort has now become possible due to rapid 
strides made in the field of science and technology over the last 
forty years or so. For example, take the case of computer, not 
muscular but electronic in character, which has become a very 
powerful servant. With its complex growth in several direc- 
tions, it is successfully tackling increasingly complex and com- 
plex problems considered to border on impossibility at some 
time in the tecent past. As late as 1963, a computer could 
solve several thousand calculations in one second or so. To 


quote Paul D. Hurd : 


Recently a new computer, the LARC, was put into 
operation. It can add or subtract 250,000 12-digit numbers 
in a single second. Its cathode ray output can flash the 
result of these calculations at the rate of 9600 lines of type 
per minute. In one hour, the LARC can do the work of 
forty men working with desk calculators forty hours а week 
for one hundred years. The construction of this machine 
was so complicated and the circuitry so involved that it was 
necessary to use another computer to assist in the design 
of the instrument. With the LARC, it will now be possible 
to attack mathematical problems more complex than man 
has been able to solve before. Recently the organisation 
of an entire chemical plant was designed by a computer!. 


It is interesting to note that it became outmoded in a few 
years time because now there are several superior ones avail- 
able in the market. We should not foreget that it was through 
computer alone that the man's successful historical flight to the 
moon became possible. It was a big triumph of engineering ! 
Several changes in his environment, and discoveries announced 
quite frequently are completely irritating, if not baffling, 
the twentieth century man. Some of the changes are bene- 
ficial beyond measure. It is now within the domain of 
possibility to manufacture synthetic and electronic spare parts 
for human body, to press biochemistry into service to grow 
even new organs and limbs, to produce drugs which raise in- 
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telligence remarkably, to control undesirable hereditary traits 
in humans, to halt the progress of aging processes with a We 
to increase the average span of life, and lastly, to enlarge man's 
intellectual functioning with the help of a computer. Peaceful 
atom has thus become a source of just short of infinite benefit 
to mankind. All this amounts to saying that given the intelli- 
gent control, comprehension and direction, it is no longer a 
` practical impossibility to satisfy fully the age old essential Ie- 
quirements of food, shelter and clothing. It is now becoming 
increasingly possible to eliminate human misery and want, 
hunger, famine; and even war—may be on the balance of terror 
like the putting of two deadly scorpions in a bottle capable of 
harming each other more or less equally in the phraseology of 
Robert Oppenheimer, the father of the Atom Bomb?. In the 
seventies, it will be possible to provide quality education to all 
children of all people by using electronic gadgets, teaching 
machines, language laboratories and communication satellites. 
These endless advantages accrue to us from the intensive culti- 
vation of science and technology—giving us, practically speak- 
ing, a ‘fantastic, push-button dream world’ of leisure, luxury 
and license. In fact there is a danger that it may not become 
a kind of ‘gigantic Disneyland in which the human race with 
Perpetual happiness playing with an endless assortment of even 


more assortment of evermore ingenious mechanical toys’3. Is 
this not the wildest optimism ? 


But at the same time, there i 
Overtaking us all that we ma 
tive and global bright futures 


5 the worst fear and pessimism 
у not live to see Personal, collec- 
- A disturbed and destructive 


recorded history. To quote 
Garner Armstrong : 


Today’s world looks with awe at modern science as the 
Messiah trusted to deliver it from Poverty, ignorance, dise- 
ase and unhappiness—to solve all its problems, 


Science and Technology, teamed with Commerce and 
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Industry, promise, by 1975, the magic push-button dream- 
world of leisure, luxury and license. 


But modern science has failed utterly to reveal to the 
world the purpose of human life or explain its true meaning. 
It remains ignorant of the true values. It does not know 
the way to peace! It has failed miserably to deliver the 
world from poverty, famine, disease, fears and worries, un- 
happiness! It has not rid the world of broken homes, 
crime, insanity, immorality. Rather, all these are on the 


upward spiral. 


A realistic look at the fruits of modern Science leads 
only to disillusionment ! Science and Technology confine 
their attention to the realm of the material and the mechani- 
cal purpose and meaning of human life. The true values ? 
basics to human welfare are not their concern! These 


essentials are outside their field. 


Look again to their fruits. True enough, we find acce- 
lerating invention and production of intricate mechanical 
devices, labour-saving mechanisms that inspire awesome 
билшн and spectacular entertainment and amusement 
evices. 


But, then, we also observe that people ha 

taught to put added hours, days and MESES PE pinu 
ficial uses. The fruitage here is increasing idleness, aversion 
to the happiness of work, covetousness, desire for more and 
more—and dissatisfaction with it when it is acquired ! These 
turn out, in practical application, to be false values, which 
only increase unhappiness. An increasing segment of ado- 
lescents, with money to spend and nothing but idleness on 
their hands, become frustrated, staring a hopeless future in 
the face, turning of immorality, violence, and—too often— 
suicide! The leaders of tomorrow in this world are be- 
coming the ‘beat’ generation ! 


And, after all, the principal contribution of modern 
Science and Technology has been the production of const- 
antly more terrifying weapons of mass destruction, Push- 
button and destory two whole continents, probably culmi- 
nating in the total extinction of mankind ! 


Modern Science stands exposed as a false messiah—The 
Frankenstein Monster threatening to destory us all?. 


This is nothing but simply a highly disorganized situation in 
which we find ourselves. It tends to threaten increasingly both 
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man and his abode. It is, really speaking, a qualitatively and 
quantitavely a more nervous reaction than the ones when X-rays 
were accused of photographing man from within, that is, the 
skeletal structure; and light added to light produced darknesses. 
It is, of course, true that every scientific discovery has evoked 
varying degree of intense emotional reaction or concern against 
it. Society, however, accommodated to them for they were a few 
and far between. Both physical and verbal violence did result 
but the better sense prevailed. Had this not been so, our pre- 
sent day material culture or civilisation would have been im- 
possible! The situation in our times has changed radically 
enough. Just imagine and analyse the attitudes of our Public 
undertaking employees toward automation or computer. In 
the face of communication failure, and education, any thinking 
human begins to see the problems of the modern age or the 
process of accelerated modernization. In a restricted sense, 
we have to find answers to the following questions based upon 
collaborative understandings, skills and attitudes : 

(i) What should be the exact role of science and technology 


in the planned development of society, materially speaking, in 
all its aspects ? 


(ii) Up to what extent is 
Science and Technolgy possible ? 

(11) What should be the regional, national and international 
scale for expenditure on Science and Technology taken both 
collectively as well as individually ? What about the claims 
of humanities and other social Sciences in this enterprise ? 


(iv) Who should control expenditure on Sciences and 
technology ? 


(v) What should be the 


the education of man through 


Progress of science? (There are other allied 
relate to scientific Secrecy, misadventures of 
in the militarization of Science, 
towards science and scientists 
Scientists). 

(vi) How to reap the Big Harvest of the sec 
Revolution ? How to tame it and press 


Problems which 
individual States 
public relations role of Scientists 
„ and the moral Tesponsibility of 


ond Industrial 
it into service for the 
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benefit of the mankind? Discovering this dimension in the 
midst of our complex difficulties can be as exciting as scientific 
research. The great eighteenth century German Philosopher 
possibly hinted at this problem, worthy of solution, by the 
greatest minds when he pointed to the significance of galaxies 
in the universe. Immanuel Kant said, “Two things fill the mind 
with ever-increasing wonder and awe, the more often and the 
more intensely the mind of thought is drawn to them : the 
starry heavens above me and the moral law within me". 

The above mentioned problems do not cry for halting pro- 
gress in science and technology, that is, Full Stop Leading the 
Sentence Type of Solution as is generally offered in the popular 
press. But, on the other hand, these very nerve-rattling pro- 
blems need to be re-examined and reformulated more and more 
productively with a view to clarify as well as seek acceptable 
solutions. Here, the only fact in our favour is that scientific 
and technical discoveries have no minds and prejudices of their 
own, that is, they are fundamentally neutral just like the live 
electric wire. One can get either an electric shock or a bene- 
ficial magnetic field depending upon one's degree of ignorance 
orenlightenmet. This book does not attempt to tackle these 
problems but only present them in perspective for those who 
intend to develop friendship with the Nature of Scientific 
Enterprise. On the other hand, it attempts to tackle a limited 
problem, that is, the theoretical and practical foundations of 
student investigations in science. Let us now consider the role 


of science education. 


Role of science education 

A large number of problems have been raised in the pre- 
ceding pages. In this context, the role of science education 
also becomes critical because science and technology have be- 
come the growing edges, about nine times more than usual, of 
our society. These are influencing our lives and environment 
(material as well as cultural) in so many diverse ways. This, 
unlike in the past, makes it imperative that science education 
should play а critícal role of the conceptual variety in the basic 
education of our boys and girls right from their early childhood 
onwards. Not long ago, Karl Pearson in his book on Grammar 


of Science emphasized the importance of training the mind to 
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an exact and impartial analysis of facts’ with a view to develop 
sound citizenship and international relations universally». This 
goal is not being even partially realized due to many reasons 
in which we need not go despite the sterling fact favouring 
us: Ín order to pay Paul, you no longer need to rob Peter ! 
Failure to understand this contribution of abundance bestowed 
on us by Science and Technology in modern times, has resulted 
among all nations of the world in scientific illiteracy on a large 
scale, even the highly developed country like the U.S.A. being 
no exception (Fitzpatrick). The situation appears to be present 
equally pessimistic in England when the Observer says : *Our 
education process is comparable with a sponge 
standardized information and Squeezing it out again in examina- 
tions. Most of the education, children get between the ages of 
5 to 18 is culturally and vocationally valueless and useless’S, 


It should not be lost sight of that England not only tries 
hard to impart education to its emb; 

their age, ability and aptitude b 
highest degree of specialization 1 
the last two years at school, 


; absorbing 


Thus there are problems for every- 
teachers, scientists, industrialists and politicians. With special 
reference to the teaching of science, 

the curiosity of thier pupils, he 
tically and develop problem solving skills, Scientific attitudes, 
Scientific interests, intellectual admirations, and responsibility 
for seeing the relevance and use of advancing Scientific know- 
ledge in the betterment of man and environment, Unlike Fara- 
day and Davy, 


the present day scientists find themselves in a 
queer position. Most of them fail t 


gically and cri- 


: / Speciality as part 
of the cosmological knowledge. The tasks of the engineers and 
technologists are too Specific and hence they fail to understand 


the real nature of their jobs. They have to learn to formulate 
and translate philosophical values into technical tasks and accom- 
plish them. For politicians, the problem of. Setting one nation 
against another or to fish into troubled waters is gradually dis- 
appearing for it is now becoming theoretically possible to Share 
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on collaborative bases the full benefits of the second Industrial 
Revolution. The politicians everywhere influence policy deci- 
sions. Itis, therefore, very imperative for them to lend a help- 
ing hand in the development of scientific temper among their 
people who, in turn, can then cope successfully with day to day 
modern problems of living in a heavily weighted society of 


science and technology’. 


Functions of science education 
Many statements appear in literature regarding the aims and 


objectives, functions and central purposes of science education. 
These usually begin somewhat as follows : helping students to 
observe intelligently etc., arousal and maintenance of curiosity 
development of scientific skills, interests, attitudes and apprecia- 
tions, and the betterment of man and his society at large. 
Robert Sonne Cohen in his paper on Individuality And Com- 
mon Purpose has stated the following values and goals for 


science teaching. These are : 


(i) To provide enough understanding to enable the edu- 
cated citizens to collaborate intelligently with those 
who are actively engaged in scientific pursuits. 


(ii) To enable the citizens both to criticise and to a i 
: recia 
the effects of the sciences on his society to ue 
its history and to present alternative prospects. 


(iii) To give a practical grasp of scientific methods of 
grappling with problems, at least, sufficient for pro- 
blems which the student will face in his individual and 


social life. 


1 and citizen to understand the whole 
tually; and especially the world as 
tely. He should not be a specta- 
doings of scientists or of their 


(iv) To help the pupi 
world better fac 
jt affects him concre 
tor of the mysterious 
products. 

(v) To kindle enthusiasm for the intrinsic delight of 

scientific knowledge; in part because it will make 

life more enjoyable in past because society has an 
extreme need of good scientists in every field of human 


difficulty. 


(vi) To understand the place of science among other 
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i i its : bri to see 
intellectual and aesthetic pursuits : briefly, 

the science as being themselves a humanistic enter- 
prise, as much as literature, the arts, history and 


religion. connected closely with them while differing 
from them. 


(vii) To help the pupil who has already chosen to become a 
Scientist, technician, or engineer to comprehend the 
humanistic basis and significance of his life—speciality 
and to overcome the ever-present danger that we may, 


in our schools and colleges, produce a specialized and 
narrow-minded technician, whether in the research 


laboratory or in the machine shop or at the factory 
bench, and to teach him humility in his role aS scien- 
tist, serving, not dominating Society. 


(viii) To help the citizen investigate wa: 


of encouraging and exploit- 
many puzzling complexities of indust- 


(ix) To provide our Students with rich and various experi- 
ences of individual thinking and Critical attitudes on 
the one hand, and of Cooperative enterprise and mu- 
tual aid on the other. 


(x) To help the 


and lastly, 


(xi) To educate our students so that they may distinguish 
ends from means, probabilities fi inti 
evidence from i 


questions, rational belief fr 


These values look grand on paper | The problems arise 
when they are to be trans] i a 


worth-while programme of scien 


Xperiences and indivi- 
Unlike history and 
in which little emo- 
eastly emotions are 


dual and group projects of varied types. 
literature, science is a neutral medium 
tional tones of national jingoism and the b 


The Nature of Scientific Enterprise 31 


involved. There is no appeal to the higher court as happens in - 
civil and criminal cases as the only court of appeal in science 
is the Book of Nature. Science teachers can thus easily achieve 
the basic objectives of humanity. It will be a case of great 
criminal negligence on the part of science teachers if they fail to 
light the constructive imagination of their wards in the wake 
of scientific and technical revolution going on in a big way in 
our times. Further, they have to nurture high scientific and 
technical ability possessed by a few of their wards. High exami- 
nations marks are necessary but not sufficient indicators of 
highest scientific acumen. They lie all along over a wide I.Q. 
range. A future man of science, contrary to popular belief, is 
always compelled to think, imagine, speculate and consult the 
big Book of Nature when he begins to investigate and disclose 
in bits the mysteries of nature. Science thus ceases simply to 
be a fact-gathering activity for facts themselves frequently be- 
come highly controversial. Keeping this in mind, it is of ut- 
most concern to all of us to see our abstract philosophical 
values like truth, beauty, goodness, equality, liberty, equanimity 
and abundance translated into worthwhile educational and 
technical tasks, submerging in the process, local tensions and 
regional conflicts. These educational and technical tasks help 
us see the personal and impersonal problems in a wide frame of 
reference. Thinking and acting towards these objectives will 
lead ultimately to the Materialization of Values (Herbert Mar- 
cuse). Perhaps it is only then that the moral fibre will emerge 
up the Nature of Scientific Enterprise ‘illuminating the values 


and purposes of life’. 
П 
Assumptions underlying science 


education programmes 
Children are outdoor creatures by nature. They are full of 


life, enthusiasm and curiosity. They have sense of wonder and 
awe. They enjoy both fun and being funny at times, In short, 
they are alive, and interested in all sorts of things in their 
immediate environment. All these factors need necessarily be 
taken into account while developing a meaningful programme 
of General Science Education for them. It is only in this con- 
text that they must be trained to ask relevant questions and seek 
answers to them. We should not see their work solely from the 
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point of view of research scientists. Let us now шоп d 
assumptions underlying any significant programme of s 
tienes normal child encounters many diverse problems. 
A few of them, he regards very fundamental, significant, чога. 
while, relevant and meaningful in the light of his personal needs, 
capacities, capabilities, interests and past experience. uh 

(2 Most of these problems when collected and classi e 
for a given group of children appear to stem from significant 
area of human living. | 

(3) Children remain fundamentally alive to their proximate 
environment through self explorations, rich experiences, directed 
observations and even the practice of control experiments. On 
further analysis, common patterns of Teactions appear to emerge 
despite characteristic individual perceptions. ae 

(4) Given the free climate where children can commit in- 
telligent and useful mistakes, they tend to make effective and 


intelligent use of their evolving concepts in discovering new 
knowlege. They can be thus easily stimulated to : 


G) Phrase and rephrase pin-pointed problems for investi- 
gation at depth; 


(ii) Suggest sharp hypotheses, test some of them and give 
a few likely explanations; 


(11) Set up control experiments with a view to distinguish 
clearly between relevant and irrelevant answers; 


Draw reasonable conclusions from cont 


(v) Think out and Suggest likely re. 
evidence, if came on the way; 


rol experiments; 


asons for any conflicting 
and lastly, 


Feel the sense of achievement and Purpose. 


matically or Teflexively learn to attack 
problems Specifically, і i 
relevant experimentations ; 


be sensitive to the problems on the way as well as to any chance 
observations, 
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(5) Unlike adults, psychologically speaking, children do 
not appear to suffer from any fixedness in ideas or approach. 
They can see the same problem afresh without undergoing any 
discomfiture. Thus, as already mentioned, they continue to 
improye and refine their scientific concepts and skills through 
personal experiences, others’ experiences, thinking, doing, read- 
ing, writing and improvising. | 

(6) Children tend to follow their teacher. Не should, 
therefore, demonstrate them the various elements of scientific 
methods by self example through diverse problem-solving 
activities?. 

Any effective programme of science education should rest 
on most of the above mentioned assumptions. It is possible to 
clarify them still further through additional research, in different 
types of schools. According to Mitchell, discovery comes na- 
turally to a vast majority of children at all ages. ‘Essay in dis- 
covery’ is not foreign to them. In his opinion, it is entirely the 
fault of the adult if the children do not show this inquisitive 
behaviour. Curiosity about how things work is one of the 
strongest drives of young children. Let us now discuss at depth 
what we actually mean when we talk of science and its 


outcomes. 


SECTION B 


Outcomes of science education 


What is science ? 
Science is an endless frontier. One, therefore, gets into 


difficulties when one thinks of defining science. It is viewed 
differently by different people. Philosophers, mathematicians, 
scientists, engineers, technologists, inventors, politicians, econo- 
mists, sociologists, phsychologists, teachers, students, and other 
laymen have their own concept of science in the light of their 
own experience with the form, content and products of science. 
It is no wonder then that it is difficult to find a commonly ag- 
reed definition of science for it suffers from multiplicity of as. 


3 (45-55/1972) 
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pects. Consequently, science tends to defy its own definition. 
It should not be forgotten that even in the ancient past, it was 
the function of science to aim at ‘understanding of things, con- 
templation of truth, essence of things??, There was little diffe- 
rence between science and philosophy. Philosophy was regarded 
a life of happiness. “Blessed is he’, said Euriphides, ‘who has 
taken knowledge of science—contemplating the ageless order of 
deathless Nature...how it came to be formed 
way’.. The ancients were equally curious of ‘how many times 
the length of its legs does a flea jump’? In the words of Demo- 


critus, it is of ‘greater gain to find an aetilogy than to become 
the king of Регѕіа?10, 


› its manner, its 


It is comparatively easier to experience science, like life, 
than define it. It can be defined behaviourally as what. scientists 
do. It is also controversial what Scientists actually do because 


in their own endeavours, they also commit all sorts of mistakes, 
of course, intelligent ones at the time but, later on, considered 
equally foolish and silly. In fact, the term Science (Scientia) is 
j à 


legitimately made, 
using what becomes known to 
necessary to or acquired in the 


comes knowledge acquired in a 
human activity, 


accummulated and 
restricted to natural 


сепсе as *...an 


is, Planning the solution, di i p 
lying knowledge etc, Ri serena 


i à > 1, it is possible to cate- 
gorize, the Various processes of science into the following cate- 
501165, each containing a group of problem-solving processes : 
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(a) Application of generalization to new situations 


(b) Collection of data 
(c) Analysis of data 

(d) Synthesis of data 

(e) Evaluation of data". 


It is also possible to see the problem a bit differently, that is, 
chronologically. It is not beyond human ingenuity to trace the 
historical growth of the main scientific ideas, which built up 
our present day civilisation, to a distant past. The lesson that 
emerges from this fascinating analysis is that the scientists all 
over the world right throughout history have built the present 
day body of scientific knowledge by basing it on each other’s 
work, It is, thus, the Cumulative Nature of Science. Even 
Newton, a scientist of great fame, stood on the shoulders of 
giants like Kepler who in his turn also stood on the shoul- 
ders of his predecessors, like Copernicus and Ptolemy. The 
resulting body of scientific knowledge as a result of the succeed- 
ing efforts of the research workers thus tends to be both static 
and dynamic. To put in other words, both dogmatism and 
discovery are inherent at any given time in the body of scienti- 
fic knowledge. To quote J.D. Bernal : 


Science is far more than total assem 
laws and theories, criticizing and often dos Ms E 
as building. Nevertheless the whole edifice of science Ns 
stops growing. It is permanently, as we may sa t der 
repair; but it is always in use!?. aes 


There is an obviously educational implication underlying the 
above statement for the practising teachers. They should tho- 
roughly introduce their youngsters to the fluid (provisional) 
nature of science by making use of relevant instructional and 
illustrative materials suitably adjusted to their mental develop- 
ment. For example, projects and their implications. They 
will thus learn to tolerate a certain degree of confusion or vague- 
ness as they forward their thinking in any problematic area. 
Thus it explodes the popular myth that scientific knowledge 
under all conditions is absolutely certain. 


Definitions of science 
We have already mentioned that science tends to defy its 


own definition. It is of dual character, namely, concrete and 
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abstract. Analysis is complete but synthesis of the analytic 
parts immediately becomes abstract like the definition of intelli- 
gence or electricity or motivation or the value system comprising 
truth, beauty and goodness. According to Herbert Dingle, 
science deals not only with hard stubborn facts but also with 
generalized ideas. Both collectors and guessors carry on the 
trade of science (Bancroft). Science in its forward march does 
not always follow a precise or even predicted path. In fact, it 
is the ‘business of science to go wrong' (J.R. Oppenheimer). 
One need not at all get surprised when one is told that science 
reaches truth ‘across a multitude of errors? (Claude Bernard) or 
falsehood by strictly following precise steps (J. B. Conant). 
This erratic act is subject to self correction; and provides facts 
and concepts which strengthen each other. 
is the creative aspect of science (Jocob Brownski). Scientific 
method alone does not, Strictly speaking, constitute science. 
‘It has to make use of a third type of statement’, that is, the 
language of observation (Philip Frank). The highest court of 
appeal in science is not the individual, however high and low 
he may be, but the “Book of Nature’. This is so because the 
principle of authority is com 


pletely discarded in the field of 
science. Like the proverbial five blind 


persons who came home 
to reconstruct the whole elephant, on the basis of their indivi- 
dual perceptions, science has 

of knowledge; methods and 
endeavour, Science — 
thing as mystical; 


In this context, it 


As an inte- 
mention below the various defini- 
countered in literature, 

(1) If one sur 
across the following phrase like а i 
Boh. uere jon efinitions of scien 
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highest glory; productive and proficient cow; economic 
growth; a classified common sense to deliver a knock out 
blow in an argument; nof really phenomena but ways, ex- 
planations and speculations about phenomena; knowledge 
and understanding; pursuit of knowledge for its own sake; 
pursuit of evasive truth; topography of ignorance; mixture 
of fact and fiction; way of thinking or living; Inquiry : sta- 
ble and fluid; puzzle solving; ordered technique as well as 
rationalized mythology, systematic interpretation of nature 
into a frame of law; study of everyday common experience 
and the discovery of general principles; observation, explo- 
ration, experimentation and investigating along with control 
and comprehension; asking appropriate questions; organized, 
systematized, metrical knowledge deducible from a limited 
number of principles; verification; forming and testing of 
hypotheses against observed facts; discovery of causal sys- 
tem; and experience in search of meaning; and thereby deve- 
lop concepts that make observations coherent and logical’. 
—N. Vaidya 


(2) Science is not a matter of merely looking at test 
tubes and mixing this and that and producing things big and 
small. Science is ultimately a way of training the mind and 
the whole life’s functioning according to the ways and me- 
thods of science, that is, the whole structure, social or other- 
wise, functioning in the spirit of science. 

—J.L. Nehru 


(3) Science is not technology, it is not gadgetry, it is 
not mysterious cult, it is not a great mechanical monster. 
Science is an adventure of the human spirit. It is essentially 
an artistic enterprise, stimulated by disciplined imagination, 
and based largely on faith in the reasonableness order, and 


beauty of the universe of which man is part. 
— Warren Weaver 


(4) Man, whatever else he be, is in and out of nature. 
Nature is orderly. To cope with nature, man wants to 
understand this order; to understand it by discovering the 
underlying rules. Опсе he has found a rule, he has gained 
control over that phase of nature-intellectual control in 
comprehension, and veritable physical control which culmi- 
nates in the practical accomplishment of technology, medi- 
cine, and agriculture. 

Science is man's rational tool to find those rules, and 
by finding them, it replaces notion by reason; magic by 
method; contention by evidence; and wishful thinking by 
sober appraisal. The book of rules is what we know as 


knowledge. 
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ip of 

Science as a whole what it шо RUM ELE UNE 
ibiliti fter all demonstrable Ц 

possibilities left over а! ORTI CENA EM 


5 the indeterminate, the un- 
known, indeterminable and the unknowable. — Paul Weiss 


(5) Science is a speculative enterprise . . . DE RE 
the static view of science and the dynamic. The мацо р. ГО 
in the centre of the Stage the present interconnecte d 
principles, laws, and theories, together with the vast ar 
of systematized information : 


in other words, science is а 
way of explaining the universe in which we live. 


—J.B. Conant 


(6) Science is a cumulative and endless Series of empiri- 
cal observations which Tesult in the formation of concepts 
and theories; with both concepts and theories being subject 
to modification in the light of further empirical observation. 
Science is both a body of 


Knowledge and the process of 
acquiring and refining knowledge. 


О gratify certain human needs and desires. 
The fact that it has. been i 


Steadil; 
turies, that it has айг. 


group of appetites, jt is not difficult to say what these 
appetites are, at least in their main division. Science is 
valued for its Practical a 


gratifies disinterested c 
provides the contemplative imaginatio 
aesthetic charm i 


7 IS last consider. 
tance, so far as the la: i 


vious, hand, that the bulk of 
SER alues science chiefly for the i 
it brings with it, 


—J.W.N. Sullivan 
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(8) Science as something existing and complete is the 
most objective thing known to man. But science in the 
making, science as an end, is as subjective and psychologi- 
cally conditioned as any other branch of human endeavour— 
so much so that the question, what is the purpose and mean- 
ing of science ? receives quite different answers at different 
times and from different sorts of people. 

It is, of course, universally agreed that science has to 
establish connections between the facts of experience of such 
a kind that we can predict further occurrences from those 
already experienced. Indeed, according to the opinion of 
many positivists, the commonest possible accomplishment of 
this task is the only end of science. 

I do not believe, however, that so elementary an ideal 
could do much to kindle the investigators’ passion from 
which really great achievement have risen. Behind the tire- 
less efforts of the investigator, there lurks a stronger, more 
mysterious drive: it is existence and reality that one wishes 
to comprehend. But one shrinks from the use of these 
words, for one soon gets into difficulties when one has to 
explain what is really meant by “reality” and by “сотрге- 
hend” in such a general statement. 
—A. Einstein 


(9) Science is the investigation and int i 
events in the natural, physical environment mms on 
bodies. Probably man has always wondered about th 
world. Certainly, children continue to ask questions, i 
seek answers, and to make sense out of the ‘blooming. pum 
ing confusion, ofthe world into which they are born, Science 
is perhaps our most important approach to understanding, 
It is of special importance that our children become aware 
of how we strive for understanding and the nature of the 
conceptional structures that have been built through science 
1 Through the use of the methods and processes of 
science, we have developed conceptual schemes that help us 
organize our knowledge of the world in which we live P ihe 
weights of various chemical elements were merely a ‘set of 
numbers until Mendeleev and others arranged them in order 
and noticed that in their list various physical properties 
recurred periodically. Mendeleev built a periodic Table of 
the elements. This periodic Table was such a powerful 
conceptual properties of chemical elements that had not yet 


been discovered. 
` 
What should children gain from a study of science. 
We answer with four goals : t 


1. The building of a world view that is in conformance 
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ў i in 
with the view of our world and our universe now being 
developed in the Sciences; 


2. Тһе fostering of an 

Structure of science; 

3. The development of skill in u 
k cesses of science; and lastly 

4. The encouragement of a 

and of how science affe 


` 


understanding of the conceptual 
sing some of the key pro- 


n informed REPE of ni 
an and his society. 
cts modern m ч ЕЕН опера 


uman Occupation, science is, by 
its very nature, changeable, It is also, 


lization, it was onl n 
the cook or the smith. 


—J.D. Bernal 
(11) Science 


-leads us to Classifications and systems 
independent of the individual thinker, to Sequences and laws 


play room for individual fancy... That 
form of popular sci i i 
investigations, Which 


all...If any Such work gives a descri 
that Appeals to his ; i 


imagination rather than to his reason, 
then it is bad science, The first aim of any genuine work 
of Science, however Opular. 
of such a c] 


tack p > Ought to be the Presentation 
assification Of facts 
ed 


[ © quite sure that whi 
a conclusion in a scienti 
the classification of fac 
the author to be an 
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bad science. Good science will always be intelligible to 
the logically trained mind, if that mind can read and trans- 
late the language in which science is written. 

—Karl Pearson 


(12) The edifice of science not only requires material, 
but also a plan...without the material, the plan alone is 
but a castle in the air—mere possibility; whilst the material 
without a plan is but useless matter. . . In the work of 
science, the artisan, architect, and creator are very often 
one and the same individuals; but sometimes, as in other 
walks of life, there is a difference between them; sometimes 
the plan is preconceived, sometimes it follows the prepara- 
tion and accumulation of the raw material. Free access to 
the edifice of science is not only allowed to those who 
devised the plan, worked out the detailed drawings, prepared 
the materials, or piled up the brickwork, but also to all 
those who are desirous of making a close acquaintance with 
the plan, and wish to avoid dwelling in the vaults or in the 
garrets where the useless lumber is stored. 

Knowing how contented, free, and joyful is life in the 
realm of science, one fervently wishes that many would enter 


its portals. 
—Dmitri Mendeleev 


‚ (13) The aim of science teaching is not the acquisition 
of information and a few skills but to attain the understand- 
ing of the relationship which connects the answer to the 


problem. 


—W. Pauli 


(14) In the literal sense, science means the pursuit of 
knowledge but it has a wider connotation for our: purpose, 
and can be said to mean a knowledge of nature in the wid- 
est possible form. This includes nature study physics 
astronomy, meteorology and much more. It is equally im- 
portant to look beyond mere precise definition and see what 
science includes, and the following are of fundamental 


importance to the approach to his subject : 
Direct and indirect observations 

Scientific inquiry-asking questions 

The drawing of inference from evidence 
Recording observations 

Developing ways and means to find answers 
Classification and checking evidence 


$^ RPM 
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Science in fact is more than a subject, it is a method 


of acquiring knowledge and of necessity the approach must 
be correct. 


, — Cedric Griggs 
(15) Science Processes involve : 


l to mind a specific 


T this reason that so much 
new and specialized vocabulary must be learned by the 


2. Classification. Because of the vast numbers of indi- 
vidual phenomena, it is difficult to reach conclusions 
or generalizations about them when they are considered 
individually. Thus, some kind of grouping or classi- 
fying is a first Step, and the basis 
are established, the natur 


Stand why one way of classifying has been chosen rather 
3. Repetition. If an 
there must be t 


t the scientist can repeat an event and deter- 
mine whether he has been accurate 


be made to Te 


occur, there is 
be controlled, 


4. Consensus, When 
other scientist can ti 


5. Experimentation, By imposing variation in the condi- y 


lling an event, sc obtai 
ain new 
and often valua r 


results of his tons. he records h 

1 is findings and 
often learns entire] new informati j 
yvy de y mation about the subject 


| 
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scientists can be facilitated. Measurement makes des- 
cription more objective. 
—Percy Bridgman 


Critical appraisal 
Let us reflect over the above mentioned sixteen varied 


definitions of ѕсіепсеї*. It becomes quite evident on reflection 
that it has proved a difficult exercise to search for a single 
omnibus definition of science either in a single key statement 
or a series of such statements. It appears to share its fate 
with the definition of intelligence, a suspect entity now, after 
the psychologists have worked too much to dig it out. Ina 
science and technology weighted society, it appears to be as 
vast as life. In this wide framework, it is not possible to 
define science because it is not an isolated subject or even 
subjects having a well defined face, say, like that of a chemical 
Cumulatively speaking, or right throughout its histori- 
cal development, it did have neither a beginning nor is it likely to 
have a terminal point. It tends to become or resemble a 
philosophical issue in which as the first requisite, the scientists 
have to define their terins, as clearly as possible, like program- 
mers for the benefit of philosophers. There are several aspects 
of it which intermingle with each other indistinguishably. Like 
historical dates places and figures, science is not merely a body 
of hard and stubborn facts. Both then devalue history and 
science conceptually. It is a mixture of facts and unfacts which 
necessarily and invariably are seen selectively. It is also not 
merely a body of concepts and principles alone because there is no 
sanctity about the fundamental ideas of science. The more they 
are exploded, better is the resulting scientific body of knowledge. 
For example, the (undivisible) a-tom of the Greek philospher 
Democritus. Further, little is known about the psychological 
formation of the basic notions in science, for example, concept 
formation, problem solving and skills etc. Facts, concepts and 
skills take the scientists to the frontiers of knowledge but the 
latter are pushed back only by the scientific methodology. It is 
also not commonsense, classified or otherwise, because it-can 
conflict with tested knowledge. The Theory of Relativity as pro- 
pounded by Einstein goes interestingly far enough in contradic- 
ting almost all our common sense ideas held about this world : 


crystal. 
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There was a young girl called Miss Bright who could 
travel much faster than light. She departed one day in an 
Einsteinian way, and came back on the previous night. 


Secondly, it will be а тіѕегі 
of science if it is identified with up-to-dateness, modernity, 
progress, health, happiness, leisure, Beecham’s powder, engi- 
neering, technology and even economic development as 
now-a-days, strictly speaking, conceived in the developing 
countries, In the micro-world, decision making elements in 
scientific methods, that is, the nature of inductive inference, 
has become questionable because of the intrusion of probability 
and chance. This has resulted in not getting a clear verdict 
either way on the truthfulness or falsehood of a particular hypo- 


ppens to be partly true 
me more nearly so with 
To put in other words, 


y and poorly appreciation 


Attempting a definitio; 


і 3 n of science 
Science is a 


great human enterp 


rise : not only endless and 
Stable and fluid. 


It is less complicated than 
E erratic lady Who cannot correlate her varied behaviours : 
se аиа self-growing, Self-pervading, self-accelerating 
and self-correcting h originated in immense 
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well as subjective procedures, which is as objective as the 
prevailing conditions make it, that is, do not challenge it. 
In every generation, it operates in a certain frame of 
reference which yields to another imperceptibly, gradually 
or even violently sometimes in the light of new observations and 
interpretations. It thus wheels on dogmatism, dynamism and 
discovery at the same time. Open mindedness, arousal and 
maintenance of curiosity, questioning the basis of all things 
(including assumptions), collection of data, demand for veri- 
fication and proof, respect for mathematical arguments and 
logical proofs including statistical reasoning, suspended judge- 
ment, acceptance of warranted conclusions and willingness to 
change one’s opinion in the light of new evidence are the 
ferments which characterize the scientific enterprise. 

What is science then ? It is puzzle-solving or problem-solv- 
ing or an exercise at abstracting and reabstracting knowledge 
and skills with a view to approach and understand the unknown. 
This is done through diverse ways which embrace in one form 
or another the so-called steps in scientific methods : observa- 
vation, problem survey, formulating and reformulating prob- 
Jems, setting up hypothesis and control experiments, suggesting 
plausible explanations on the basis of evidence collected, find- 
ing exceptions, developing, using and refining concepts, mathe- 
matization of arguments and their application to dig new know- 
ledge, finding principles and laws, and lastly developing relevent 
theories which influence our global out-look. 

Interestingly enough, it is an international activity least con- 
fined to national frontiers. Incidentally, accidentally and inten- 
tionally (through research and development followed by the 
commercial exploitation of scientific discoveries), it strengthens 
national economies, creates new resources, accelerates employ- 
ment and attempts to build global outlook on problems which 
effect man and his society. At the same time, it is double- 


edged, it can kill as well as save many ! 


Limitations of science 
owing body of provisional knowledge. 


Science is an evergr 
All its propositions and concepts are provisional until confirm- 
ed conclusively. ]t must not be forgotten, despite overwhel- 


ming achievements of science, that science is not the sole me- 
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thod of reliable and valid thinkin 
gates limited aspects of our envy 


1 impossible problem 
for the scientist to solve. But at the same time, he will be less 


gates them. It can explai 


wer why things happen. For example, science can explain 
successfully how water boil 
not tell why after all kettle was Put on the stove (final cause). 


It amounts to Saying that science Only investigates efficient 
rather than final cause!é (Егіс Ashby), 


Secondly, we have 


pects or facets : systematized knowledge, inquiry (stable and 
fluid), human endeavour or 


manifestation as well as 
pursuit of truth i 
study, i 


with engineering, 
age old science- 


Michael J. Daley : seus a 
Key 
© Impossible. Science is limited (1) 


(ii) Possible Solution with Tesearch (2) 
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(iii) Least possible for solution with research (3) 


(iv) No opinion (4) 
(у) Has been accomplished (5). 
Questionnaire (use the above key to evaluate critically 
the following statements given below : 
(a) Man will land on the moon's surface. 
(b) Man will be able to communicate with other forms 


of life. 
(c) Man will conquer all diseases. 
(d) Detection of birth defects. 
(е) Slowing down of aging process. 
(f) Artificial control of weather. 
(g) Artificial control of life functions. 
(h) Total cure in mental health. 
(i) Solve air pollution problems. 
(j) Find cure for cancer (all types) 
(k) Present world food shortage. 
(J) Prevention of human error. 
(m) Reaching absolute zero. 
(n) Developing cities in the oceans. 
(о) Stopping of world conflicts. 
(p) Preventing drug addiction by education. 
(q) Prevent birth defects. 
(т) Be able to transplant most body organs to another 


individual". 


It is possible to choose additional suitable controversial 
s which deal with ‘unfinished business’ of science, 
technology, education and society. Examples are synthesizing 
a human hand ora green leaf, transport of human and animal 
population to moon and mars, the blades that never blunt, 
mini foods for children and adults, eradication of poverty, 
educational aids which will make learning permanent, war to 
end wars, the belief in master race and so on. Critical discus- 
sion on the above-mentioned problems will help students 
evaluate the current status of scientific knowledge as well as help 
them see the various limitations of the different branches of 
fic knowledge against the back drop of the explosion of 
This after all is an educative exercise in the basic 


statement 


scienti 


knowledge. is an 
education of citizens and scientists, 
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Objectives of science education 


of science education are : function 
vocabulary, facts, Concepts and 
also included); scientific skills 
social etc.); scientific attitudes, sci 
ations. Due to the clerical System 
regarded as a lump of content 
largely speaking, for examinatio 
reform in science education is 


to be taught and learnt, 
n purposes. Unfortunately 


This naturally 


image of science aS a great intellectual 


» apprecia- 
» Values, ideals and character 
n them which varies 


argumentation on facts, 
Be are some of the initial 
es. Especially for young 
He attitudes need. further 
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to be concretized in terms of well-planned teaching learning 
situations and meaningful activities. This built-in intention 
in science teaching is more likely to result in the gradual growth 
of scientific temper among our children. Some characteristics 
of this scientific temper are: open mindedness, arousal and 
maintenance of curiosity, judgement based upon scientific facts 
alone, willingness to test and verify conclusions, suspended 
judgement, belief in cause and effect relationship, honest re- 
porting, rejection of the principle of authority, and more faith 
in the books, written by specialists in their respective fields. 
Paul B. Diederich mentions the following twenty components 
of scientific attitude which sample well the definition of scienti- 


fic attitudes : 


Scepticism. 
Faith in the 
Desire for experimental verifica 
Precision. 

A liking for new things. 
Willingness to change opinions. 
Humility. 

Loyalty to truth. 

An objective attitude. 

10, Aversion to superstition. 

11. Liking for scientific explanations. 
Desire for completeness of knowledge 
13. Suspended judgement. 
14. Distinguishing between 
15. Awareness of assumptions. 

16. Judgement of what is of fundamental and general 
significance. 

Respect for theoretical structures. 

18. Respect for quantification. 

19. Acceptance of probabilities. 

20. Acceptance of warranted generalization 


possibility of solving problems. 
tion. 


омота шю 


hypothesis and solution. 


518, 


ed characteristics are not only that of 
Iso that of rationality as well. Science 
abused either by the politicians or 
Science teaches its 


The above mention 
scientific attitudes but a 


would suffer where these are 
by the priests of science holding power. 


4 (45-55/1972) 
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lessons to those who always seek success by hook or by crook. 
At times, negative findings are equally revealing, They tell 
us what not to expect under certain conditions (Micheson 
Morley experiment which exploded the myth of ether). Results 
could be disastrous when politicians interfere with the firm 


observations and conclusions of the scientists, Consider one 
of Lysenko’s recent claims : 


If you have a bi 
with a poor fat content and a sm 
milk rich in content and if 


; Not the genetic factors, that is, the most 
important for the future of the breed. 


;; Khruschev took to task the scientists who objected 
to this particular Lysenko method, 


arguments in Science; he said * 
But, he added in i 


“if we do not notice where barren Scientists abuse real 
scientists who enrich i i | 


our common interests 


booa if other did not 
it does not mean that 


the theory is Wrongl?, 


Attitudes also appe 
respond; satisfaction i preference, 
value. It is at the last 
or value in relation equally compet- 
ing. Lastly, a science teacher has to be quite careful in his day 
to day teaching. He h demonstrate the various 
aspects or components of scientific attitudes in 
towards children. Jf he d 


Van itude in their formative 
Years. Acquisition of facts i 

a scientific outlook whi 
human experience and k 
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Scientific Appreciations 
Let us now refer to scientific appreciations. The develop- 


ment of scientific appreciation is something akin to appreciation 
in art, music and literature. William Blake’s stricture against 
Newton, in this connection needs mention : “...... for replacing 
the elephant by a point of mass ‘m’ and “denying to man the 
richness of common experience typifies what is contradictory 
and vulnerable in our present civilization.” ‘For this reason 
alone, itis essential to consider how we stand now". It is 
encouraging to note that in the new curricular programmes 
being developed abroad, attempt is being made to ‘impart an 
intuition for each subject, to enable students to guess what 
ought to be true even before they can demonstrate it. This 
intuition is also quite akin to aesthetic appreciation. Professor 
Zacharias, a well known scientist, speaks of ‘building a cathe- 
dril of the mint, Не is not alone. Even the mathematicians 
intend to instill a sense of elegance in their subject. In other 
words, it means that an intentional effort is being made to 
teach most of the school subjects, for example, language and 
history, not only as a body of knowledge but also as an art. 
Scientists of all races and of all lands have disclosed us the 
mysteries of nature. Our efforts should not therefore remain 
confined strictly to the teaching of understandings alone be- 
cause the accompanying element of admiration, emotion and 
jntellectual pleasure cannot be altogether easily discarded. 
These elements form a part and parcel of the history of science 
which at present is difficult to communicate in meangingful 
terms: “The intelligence which education is calculated to 
develop will not grow when uprooted from the background of 
feeling from which it spring” (Wheeler and Perkins). The 
scientific content in their opinion needs to be developed in an 
evolutionary manner which will impart historical sense. The 
basic aim here is not to teach much of content to the students 
but to give them a ‘feel of science’. Case study method (or 
history of science cases) in science teaching is the case in point. 
So historical approach to science teaching not only enlivens day 
to day classroom teaching but also dramatizes the way the in- 
complete house of science is built—piece by piece, brick on brick, 
and a scientist succeeding to a scientist. One intuitively acquires 
a feeling for the growth of science and cares less for the fact to 
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be rememebred for the examination. When approach is suitably 
bent, even current problems can be discussed through the use 
of research papers. The same historical questions are asked but 
answers obtained to them change both in time and space. Con- 
sider the following set of sample questions used by Howard B. 


Baumel and J. Joel Berger with their students on Teaching from 
Research papers : 


1. What problem was the scientist studying ? 
2. What information did the scientist have at hand when 
he investigated the problem ? 


3. What hypotheses did the scientist probably have at hand 
as he planned his investigation ? 


4. What was the outcome ofthe experiments : observa- 
tionally and in relation to the objectives ? 

5. What conclusion was reached ? 

6. Is the conclusion justified ? 

7. What simple experiment could You plan to verify the 
conclusion ? 

8. What have you used in the plan that was not available 
to the scientist20 ? 


It fires the imagination of youngsters when they are told 
that Lavoisier, whose work brought about Tevolution in chemis- 
try in the eighteenth century recorded barometric Teadings for 
thirty years in different parts dentifying factors 
which control weather, i 
tution of an Ox. Still, he had unlimi 
and hard work. In a similar Way vein, Einstein spoke of the 
contributions of Planck to science : 


In the tem: 
indeed are they that dwe 


€ eir brains on 

a Purposes. Were the ange] 
of the Lord to come and drive aJl the people belonging to 
of the temple, it would be notice- 
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ably emptier, but there would still be some men, of both 
present and past times, left inside. Our Planck is one of 


them, and that is why we love him?!, 


Understandings and their applications enrich appreciations 
but the latter cannot be taught like them. Appreciation bereft 
of understanding is meaningless. Appreciation resists eva- 
luation because it constitutes an intangible outcome of science 
instruction. Illustrations, narrations, dramatizations, mock 
ups, field trips and other activities at the science corner are 
some of the factors which will create sufficient experential back- 
ground. This can be, later on, exploited to develop scientific 
appreciation because the requisite material has been first created 
before it has been moulded. The above mentioned outcomes 
of science education are, in fact, broad categories which need 
not be considered independent of each other. They are not 
to be regarded as the chips of different blocks but different 
chips of the same block. In this context, they need further 
specific statements to be made, not only about the subject 
matter in a given area of science but also corresponding learn- 
ing experiences which will help to achieve what has been aimed 
at in terms of objectives and behaviour changes (also applicable 
to a,topic or unit of instruction) by making use of, as much 
as possible, of the community resources. This cuts down in- 
cidentally the cost of imparting science education as well. 


Concluding statement 
Lastly, the depressing and despicable atmosphere in our 


classroom must change for the better, for drabness, dullness 
and drudgery in an educational medium have been too 
long with us in this country. It should not be forgotten that 
the objectives of scientific education are not defeated even when 
there is little emphasis on syllabus, textbook and examination 
considered sacred like cows in our country. There is always 
necessity of selection criteria for selecting the various outcomes 
of science teaching which in our opinion are : 


The specific outcomes should stem from general out- 
comes which in their turn must be consistent with the 
aims and objectives of secondary education. 

The specific outcomes should not only be worded in 


1. 
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: icable 
an unambiguous manner but also be quite practic 
for the classroom teacher. 


The specific Outcomes should be psychologically sound. 


nder the existing conditions and 
degree. 


account the mentality of children, 
backgounds, and aspirations etc. 


Lastly, the statement of Specific activities should suggest 
directly or by clear implication the relationship between 
classroom activity and th 


* changes expected in human 
behaviour. 


3. The Nature of Thinking 
and Problem-Solving 


е most remarkable characteristics of the age in 
ire and tendency to connect itself orga- 
nically with preceding ages—to ascertain how the state of things 
that now is came to be what it is. And the clearly comes into 
view the vast and varied debt which the world of today owes 
to that foreworld in which man by skill, valour, and well- 
directed strength first replenished and subdued the earth. ‘Our 
pre-historic fathers may have been savages, but they were clever 
and observant ones. They founded agriculture, by the dis- 
covery and development of seeds whose origin is now unknown 
They tamed and harnessed their animal antagonists, and Sent 
them down to us as ministers, instead of rivals in the fight for 
life. Later on, when the claims of luxury added themselves to 
those of necessity, we find the same spirit of invention at work. 
We have no historic account of the first brewer, but we glean 
from history that his art was practised, and its produce relished. 
more than two thousand years ago. Theophrastus, who was 
born nearly four hundred years before Christ, described beer 
as the wine of barely. It is extremely difficult to preserve beer 
in a hot country, still Egypt was the land in which it was first 
brewed, the desire of man to quench his thirst with this exhi- 
larating beverage overcoming all the obstacles which a hot 
climate threw in the way of its manufacture. 

Our remote ancestors had also learned by experience that 
wine maketh glad the heart of man. Noah, we are informed 
planted a vineyard, drank of the wine, and experienced the 


(i) One of th 
which we live, is its des 
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consequences. But, though wine and bear possess so old 
a history, a very few years ago no man knew the secret of their 


the conditions necessary 
vicissitudes to which it is subject. 


Teasons, of success. But he had to contend, and has still to 
contend, against unexplaine 


і j at recent researches are dragging 
into the light of day, thus preparing the way for their final 
extermination. 


—John Tyndall 
Gi) Men sail a boundless and bottomless sea, there is neith 
$ e is neither 
harbour for shelter, Dor floor for anchorage, neither starting place 
nor appointed destination. The enterprise isto keep afloat on 
an even keel; the sea is both friend and enemy : and the seaman- 
ship Consists in using the resources of a traditional manner of 
behaviour in order to make a friend of every hostile occasion. 
—Michael Oakeshett 


Introduction 


iginated in our march 
The reason for this is that 
ed history, science as such 


fe which, largely speaking, 
d, shelter, clothing, aggres- 
Ttainment) The inclement 


Intense curiosity drove 
ту (sun, moon and stars) 
Tmation, lightning, rain, 
ed), and plant and animal 
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s and jungles). Over several centuries, 
the primitive men succeeded to develop distinct material basis 
of life (implements, tools, clothing, fire cookery and animal 
lore); social basis of life (communication : gestures, language and 
symbolism, food gathering and hunting leading to division of 
labour, totemism, magic, myths and rituals); and intellectual 
basis of life which helped them to cope with their day to day 
problems as well as gain satisfaction of curiosity (astrology, 
mechanism and elementary mathematics, physical cure and 
witchraft). As their extensive physical encounters with their 
immediate environment increased, they began to understand 
and control their environment gradually. They thus tried hard 
to find sense in their environment by suggesting suitable ex- 
planations which look ridiculous to us today. This is, however, 
deceptive. It is a mistaken notion that we would have been 
more wise had we found ourselves in their position, time and 
place when not only answers but also the sort of questions to 
put to nature hardly existed. Still, they made highly interesting 
observations and inferences. For example, the flame goes up 
because it is in the nature of flame to go up. It is precisely 
for the same reason alone that a pebble thrown in the air falls 
down to the ground. To boil water, they put red hot stones into 
it rather than heat it straight on fire. They had to discover 

ally. Their growing experience led 


everything, mostly empiric i 
to the ‘coordination and standardization of common sense 


knowledge and industry. About 4500 years ago, the Babylonian 
rulers issued under royal authority fiscial units of length, weight 
and capacity : finger (1.65 cms), and purveyor’s cord (3600 
(fingers) ; grain (.046 grammes) and shelkel (8.416 grammes) and 
talent (30.5 kilogrammes) ; and medium of exchange (barley, 
copper, silver and gold). 

Interestingly enough, they also speculated over the shape of 
earth which they declared to be flat. Ithad an edge beyond 
which nobody could dare to go for the fear of loss of life. 
There were some exceptional speculative men here and there 
who thought otherwise, for example, Pythagoreans. They 
looked at this problem mathematically and predicted that earth 
had to be spherical rather than flat. Nobody trusted them or 
took them seriously because this prediction contradicted their 
first hand observation. The Buddhist philosophy went still ahead 


life (animals, birds, bee 
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not only by declaring faith in atomicity of matter but at ex- 
tending this notion to time: Everything according to this theory, 
exists but for a moment, and is in the next moment replaced 
by a facsimile of itself, very much as in a kinematescopic view ; 
"The thing is nothing but a series of Such momentary existences 
The Indians also developed a system of notations out of which 
was developed the scheme of numerals currently in use. Plato 
felt sorry for one of his Pupils who, bewildered by abstract 
mathematics, asked his master one day about the utility of 
abstract equations. Plato in anger gave him a coin and asked 
him to leave the academy at once, According to Greek thought, 
the highest form of life to live on this earth was that of con- 
they thought, firmly, degene- 
nificant contribution to scientific 


l e relations between ‘fact and 
theory ; and experiment and hypotheses’, 


. -butas genuine hypotheses, that i 
ing-stones and impulses, Whereby it May force its way upto 


hypothetical, and arrive at the first 


£, and seize it in its grasp ; which done 
it turns round, and takes hold of th 


; first ple, at last it comes 
calling in the aid of no Sensible object whatever, but simply 
employing abstract, se] -subsisting ideas, and terminating in 


Socrates and Plato Were deductive thinkers. Aristotle was 


not, because he made an extensive inquiry into the science of 
reason as distinct from art of Teason. He formulated Laws of 
Thought (Law of Identity, Law of Contradiction, and Law of 
the Excluded Middle) which must be invariably used to obtain 
logical knowledge. To test the validity of arguments, he even 
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pe statements popularly called syllo- 
gisms. (All men are mortal: Ram is a man: and therefore, 
Ram is mortal. He had strong biological interests which 
coloured his philosphical outlook. His powers of observation 
were remarkable. He described accurately at depth the repro- 
ductive system of ‘smooth shark’ which was considered non- 
sense until the nineteenth century. He advocated the role of 
observation in scientific methods. Biological studies held sway 
over him. Не developed the doctrine of four causes which he 
applied successfully to interpret the physical world : the material 
cause (basic stuff or stone for the sculptor) : the formal cause 
(basic law directing the phenomena) : the efficient cause 
(motivating factor which triggers off the action or pheno- 
menon) : and the final cause (final aim of the phenomenon). 
Logical argumentation with little reference to basic experi- 
ence reached its peak of misuse in the middle ages right upto 
the times of Roger Bacon, Renaissance and Galelio. Scholars 
of these times engaged themselves with interesting problems, 
for example, ‘How many angels could dance on the point of a 
needle’? They threw a monk out of the window who suggested 
to count physically the teeth of a donkey rather than consult 
the works of. Aristotle on this problem. No observation could 
be made and confirmed which had not been earlier observed 
and described by Aristotle. Due to individual greatness, 
Aristotle may have halted progress for several centuries. This 
is not his fault but Bertrand Russell appears to have indicted 


Aristotle and his followers severely for the same : 


gave subject-predicate ty; 


To modern educated people, it seems matters of fact 
ained by observation, not by consulting 


have to be ascert ys 1 
But this is an entirely modern concep- 


ancient authorities. 
ly existed before the seventeenth century. 


tion, which hard 

Aristotle maintained that women have fewer teeth than men, 

although he was twice married, it never occurred to him to 
ng his wives’ mouths... 


verify the statements by examini 
Nevertheless classical dons, who have never observed any 
animal except the cat and dog continue to praise Aristotle 


for his fidelity to observation? 


It was not easy to break the shackles of authority. The 


writings of Burno were not only suppressed but also he was 
‘burnt at the stakes’ in 1600. Francis Bacon rang the death 
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knell of those tendencies in thinking which had made experi- 
mental philosophy infertile. He advocated the inadequacy of 
logic in isolation in the discovery of truth : ‘The subtlety of 
nature is greater many times over than the subtlety of argument . 
He emphasized the role of Observation and experimentation 
in the solution of scientific Problems. He thus concluded that 
the approach to the discovery of truth was through induction. 
He ruled out the role of blind experience in the discovery of 
truth for then the knowledge hardly advanced a bit more than 
the use of mechanical rules and procedures. He further detailed 
at depth the four principal factors which affected adversely the 
human judgement : the idols of the theatre (the inherent 
vagueness of the language in the advancement of scientific 
knowledge including emotive elements 


place (to look at things in a given social or customarily way) ; 


reference to experience. 


philosophy in which John Kepler, 
Lavoisier and Newton 


phere. It should not be 


and at the same time, we 
£host of induction in the ad- 

À Absolute superiority of one 

method at the cost of the other method led to the development 
of Phrenology by Gall which flourished for about one hundred 
years. Gall, a great anatomist of his times, could easily check 
his faulty premises. At the advanced stage, Albert Einstein 


ay by the 


vancement of scientific knowledge. 
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specifically hinted at the limitations of induction : 


There is no inductive method that could lead to the 
ndamental concepts of physics. Failure to understand this 
fact constitutes the basic philosophical error of so many in- 
vestigators of the nineteenth century—We now realize with 
special clarity how much in error are those theorists who 
blieve that theory comes inductively from experience’. 


fu 


Rene Descartes (1596-1650) also speculated on the basis 
of scientific method and elucidated four basic principles of 
method. Superficially, they appear to be of precautionary type 
and relate to judging the truth of each and every part of the 
solution ; proceeding from simple to complex step ; dividing of 
difficulty into as many parts as possible: and preparing of 
exhaustive ‘enumerations and reviews’. In pursuit of rational 
certainty, he went on rejecting a series of propositions and con- 
cluded : ‘I think therefore 1 am’. On reversing this process 
called Cartesian Doubt, he built his own theory of knowledge 
from this single atomistic proposition. It was now left to 
J.S. Mill (1806-1873) who in his work entitled: “А System of 
Logic’ developed laboriously the five basic canons which led to 
the identification of causes and effects. He believed firmly 
that the aim of science was to discover causes, for only they 
enlightened us in regard to sequences in nature. Like Bacon, 
he was a great advocate of induction and refused to assign any 
role to hypotheses in the development of scientific knowledge. 
These basic five canons were (1) method of agreement, (2) 

(3) joint method of agreement and dis- 


method of difference, 
agreement (4) method of residue and (5) method of conco- 
mitant variation. On further analysis, all these five canons 


are reduced to one, that is, change one factor at a time. It is 
possible to clarify one’s knowledge and place it on secure logical 
grounds with the assistance of these cannons. In advanced 
stages of research, these can be used to generate hypotheses. 
For example, chemists calculated 35.5 as the atomic weight of 
chlorine which did not make any sense. The problem was 
solved when it became known that chlorine has another isotope. 
Their utility is OW restricted, for we no longer believe in straight 
cause and effect relationship. There are many causes fora 
given phenomenon which are now a matter of probability rather 
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than certainty. Statistica] developments and multivariate ana- 
lysis have entered into modern science. They are, however, 
still useful in deriving a large number of hypotheses which could 
be reduced to a limited number by logical empirical testing. It 
should not be forgotten that testing of each and every hypothe- 
ses costs labour as well as money. 

Armchair experimentation helps. One is able to see the 
given problem from as many different facets as conceivably 
possible. Empirically, one can screen and select a few hypo- 
theses for intensive testing. Significant human knowledge 


develops when the basic premises turn out to be true. Charles 
Darwin (1809-1882) set the pace b 


tive and deductive methods in 
concepts and insights, 

Scientist does. To put 
both inductive and deduc 
age in the solution of 


body of knowledge also not excluded‘, 


THINKING AND PROBLEM-SOLVING 
Thinking 


The development of sound t 


hinking in the school child is 
the acid test of 


ruction. Whether attainable 


and regard for right 


d thinking, problem- 
l thinking. This; 


ng— which had produced tremendous 
knowledge for all of us, 


l It is true that thinking is present in 
all of us to a certain degree but it Teaches the level of original 


nly in very few of us. This is why 
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the information-mongers as well as the book-worms cannot go 
very far in their advanced thinking in spite of their best and 
persistent efforts. For these reasons, it is very pertinent to 
examine a few definitions of thinking or what is thinking con- 
sidered to be by the philosophers and psychologists from 
considerations relevant to science teaching and, more particu- 
larly, problem-solving. The various views on it are mentioned 


below. 


Philosophers and logicians have studied ‘Thinking’ in terms 


of its product and have thus developed their laws of thought : 
law of Identity, law of contradiction and law of excluded 
middle etc. Ina general sense, this term may refer to ‘guessing, 
imagining, opening, remembering, reflecting and searching for 
conclusion’, etc. And in a restricted psychological sense, it 
may refer to ‘percepts, images, vocal sounds, feelings and ideas’ 
etc. Occassionally, it has also been elucidated in terms of 
‘mind, consciousness and judgement’. Symmond lists nineteen 
types of thinking such as learning meaning, stating relationship, 
defining and generalising etc. Humphrey equates it with pro- 
blem solving, for Burt and his students a hierarchy of thinking 
abilities comprising relation, association, perception and sensa- 
tion etc. Gestalt psychologists emphasize the perceptual and 
problem-solving aspect ; Bartlet considers it a high level skill 
in which 'symbols, words, numbers, shapes, colours and tones 
supplement and may take the place of bodily movements’. Peel 
mentions and distinguishes among four kinds of thinking 
(thematic, explanatory, productive and integrative) and adds 
that “Free association, remembering, reverie, fanciful association, 
punning, solving crossword clues are also other acts of thought 


fall into these categories". Lastly, Russell develops 


that do not 
his own schemata starting with stimulus patterns internal or ex- 
ials of thinking (percepts, images, memories 


ternal through materi 
and concepts), processes in thinking (perceptual thinking, asso- 
ciative thinking, problem-solving and creative thinking etc) 
to products or conclusions. He implies thereby that abilities in 
thinking techniques, habits and devices etc. can be learned. 
From above, it appears that it is difficult to define thinking 
and even when defined, its explanatory terms themselves be- 
come suspect and consequently need further explantation?. 
Here, а valuable suggestion has been made by Hearnshaw 


64 How Children Discover Knowledge 


in ‘Recent Studies in the Psychology of Thinking’, which if 
followed makes the investigation of ‘thinking a profitable enter- 
prise’. Thinking then ceases to be a ‘ghost’ like activity for 
the purpose of analysis. According to him, thinking should be 
regarded as a skill (or group of skills) which is organization. 
This point of view is quite consistent with Piaget's genetic find- 
ings... ‘the evidence pointing to the motor accompaniments of 
thought and the results of perceptual studies emphasizing the 
dynamic nature of perception and the acquired character of all 
but the simplest structures’, With the passage of time, this skill 
becomes quite complex and is characterised by ‘flexibility, trans- 
fer, generalization and accurate discrimination 
ultimately result in the development of highly abstract concep- 
tual systems, conceptual System of high order and generality. 
With this restriction, the attack on the problem of thinking 
becomes possible. It is then not very difficult to investigate 
the process of generalization and discrimination empirically. 


processes’ which 


Productive thinking 

In his book, Max Wertheim 
“Productive Thinking’ and clearly distinguishes between struc- 
tural and non-structural Solutions. As a first step for the 
possible understanding of the process of thinking and the vari- 
ous outside variables that influence it, he advises teachers to 
develop inventories of human thought processes— qualitative 
approach in contrast to mathematical approach like factor 
analysis. His definition of thinking needs to be quoted here 
(because it seems to the Writergto contain clearly the germs of 
problem-solving which we Will discuss later in the next section) : 


er develops the concept of 


Thinking consists 
features and 


£ trouble regions, disturbances, superficialities, 
etc. be viewed and 


: dealt with Structurally ; that inner 
structural Telations—fitting Ог not fitting—be sought among 


such disturbances and the given situation as a whole and 
among its parts®, 


Further, he emphasizes the active role on the part of the 
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problem solver in the thinking process. He is thus sure of an 
unbroken and undisturbed adventurous and pleasant Gestalt 
In productive thinking, there is an underlying active 


journey. 
оп and reformulation of the problem.§ 


process of formulati 


Problem-solving 

It refers to the application part of one of the outcomes of 
science education : functional understandings. Reasoning is 
an essential part of problem solving which itself is regarded as 
a complex factor comprising induction, deduction and restrictive 
or general reasoning. We have avoided various controversies 
on it (reasoning) by including it in problem-solving. The 
various views on problem-solving are mentioned below. It may 
be pointed out, however, that the educational research on pro- 
blem-solving itself has so far been very little. 

1. Problem-solving takes place as soon as the problem is 
perceived by the problem solver and is aimed at to reach the 
goal stated by the problem. The problem is supposed to be not 
only new and novel but also at the same time, there is supposed 
to be no direct solution available to the problem solver at the 
time of its presentation. Moreover, it is also assumed that the 
problem solver possesses the basic information needed to solve 


the problem. 

Definitions of problem solving vary from the ‘simple finding 
of exceptions’ (Hazlitt) to ‘formal reasoning of a complex 
nature’ (Piaget). Problem-solving has also been defined as 
‘combining the essentials of two isolated experiences’ (Maier) 
or as ‘the integrated activity of perceptions, memory, recall, 
association, generalization and reconstruction of ideas’ (Welch). 
Equally different are the problem situations used. They vary 
from ‘cats in puzzle boxes or rats in mazes to adult human 
beings solving complex problems involving space and time 
relationship resulting in different explanations of the nature 
of problem-solving which are not so much correct or incorrect 
as they are descriptions of behaviour that has been 


hypotheses 
evoked by different types of problems at different levels of 
difficulty’. 

blem is to generalize from the problem- 


2. The basic pro 
our evoked from entirely different problems. 


solving behavi 1 am 
d keep the specific characteristics of the various 


Here we shoul 


5 (45-55/1972) 
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problems to themselves in order to pinpoint more on problem- 
solving rather than on the Psychology (typology) of the pro- 
blems. Sometimes it is very difficult to distinguish between learn- 
ing situation and a problem situation because the former does 
present a problem situation of one kind or the other. Similarly, 
even the most abstract problem presents certain aspect of learn- 
ing: (‘from perceived data, trial and error) which makes the 
distinction quite difficult Tight at the beginning of the experi- 
ment. Learning to tie a knot isa problem when faced initially. 
Largely speaking, we can Say that we speak of a problem 
when its solution is either by logic or by insight (Munn) 

3. Brownellfixed problem Somewhere intermedi 
continuum having Puzzle type at one end and familiarity and 
complete understanding at the other end. He also poin 


ts out the 
artificiality of "separating problem-solving from othe 


r learning 
tasks because the same Objective situation may be seen differ- 
ently by different persons e. 


ate.in а 


In problem-solving, the 
Lastly, he adds that a 


» he may experience perplexity’ but should 


4. J. Stanley Gray regards problem- 
course, a process, but also adjustment with difficulties and 
interferences encountered in a problem si 


: tuation. It is a way 
of proceeding in spite of interferences. He Suggests the follow- 
ing methods of problem-solving : 


solving behaviour, of 


Unrelated and habit: 
Insight behaviour, 

Blind trial and error behaviour, 
Vicarious behaviour, 
Behaviour designated 


ual bahaviour. 


льор 


as Scientific Method. 


The method, of course, 
difficulty inherent in Problem 

5. In classroom sit 
from two angl 


depends upon the nature of the 
s. 


uations, problem-solving can be viewed 
©, а Way of thinking or learning and a way of 
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teaching. Psychologists have investigate ; 
in the former aspect, that is, as a way of Mee а 
only “when there is а need for it, when the situation is M us 
or unsatisfying or when the situation presents a difficult Pe 
cannot be met by other means". The teachers are iis PED 
in problem-solving asa way of teaching. The research AA 
from these two angles could well be complementar А es 
highly useful both in developing the science and art of fee m 
After considering the varied views on problem-solvin qus 
have tried to disentangle it from three allied areas xo ts 
thinking, reasoning and learning by defining е И А 
—what takes place as task—oriented situation is BU as 
the problem solver and is aimed at to reach the goal. It h 2 
ever becomes necessary to qualify the word ‘task’ anaes 


mind the aims of investigation., 


Logical steps in problem-solving 
Dewey, on the basis of introspection, has suggested fi 

steps in thinking which explain most of the aspects of уе 
thinking. -These steps are: “а felt difficulty, its locati of our 
definition, suggestion of possible solution, development us n 
soning of the bearings of suggestions and further obs 7 REN 
and experiment leading to its acceptance or rejection ? TOIA 
in turn have suggested their own steps following EA thers 
attern : Burt (1928), Gray (1935), John (1944) pm 


the same p 
(1945), Humprey (1948), Bloom (1950), Burrack 
Ў 1 
(1952), J. Stanley Gray (1956), and Mills a a 


Vinacke 
(1960). Mills and Dean mention the following steps in logical 


solutions of the problems : 


(a) A difficulty is recognised. 
(b) The problem is clarified and defined. 


(c) А search for a clue is made. 
(d) Various suggestions are made, and are evalua: 
t 
tried out. ed and 
Whereas practice in the definition of problem-solving 
involves : 


(a) Problem survey : Analysing a potential problem situa- 
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tion for items to be studied. 

(b) Problem description : Providing a clear statement for 
items to be studied. 

(c) Problem discussion : Making sure that the students 
understand what is involved in the problem. ! 

(d) Problem limitation : Isolating those parts of the problem 
that can be attacked profitably. 


(e) Planning for action : Preparing suitable hypotheses for 
investigation. 3 А 
(f) Further analysis and limitation : Tentative testing О. 


hypotheses to identify those most likely to yield solu- 
tions.® 


The above-mentioned steps in problem- 
and need not necessarily follow. each other 
ing process. They are, in fact, ‘simplified 
what may take place in problem- 
rather than rigorous proofs'. 


solving are not final 
in the problem-solv- 
, idealized versions of 
solving. They are heuristic 


There are other workers who 
saw stages in problem-solving, for example, Selz and Duncker. 


With the passage of time, these steps have acquired ‘natural 
Status. Each step in problem-solving resembles a learning set. 
Duncker in 1945 elaborated the Concepts of set, determining 


tendency and anticipatory scheme from the Wurzburg school 
into the more generalized Concept of search model called Strate- 
gies (Goodnow and Austin) 


or some ‘key factor’ (Guilford, 
Merriefield, Christenson and Frick), later on, in determining 
the effectiveness of creative thinking.® 
Formulation and testing of hypotheses 
Steps in problem-so 
the investigator's job to 
break the proble: 


lving do not guarantee solutions. It is 
apply these steps imaginatively so as to 
If he does it, his way 
ner or later an integral 


У In this enterprise, setting 
Up and testing of hypotheses come handy to him. If there are 
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unknown paths, ‘outstretched arms’ to grasp the truth or sug- 
gested answers to the problem. They are neither true nor aie 
They are either accepted, rejected or partially accepted. They 
are therefore not the positions to be defended as ina debating 
society. The characteristics of good hypotheses are ics 
simplicity sharpness, adequacy, verifiability, testability, and 
more importantly, availability of frame of reference for sane 
conclusions. It was Galelio who, before going to the uni- 
versity, discovered that the time period of a simple pendulum 
depends solely on its length. 

It is not exactly known how the hypotheses arise in the 
minds of individuals. It is still a dark continent. Discoveries 
have to do more with hypotheses than with data collected un- 

Creative thinkers set up and reject a number of 
This situation is analogous to trial and error 
according to Munn develops in four stages 
incubation (conscious as well as нйн 
cious activities), inspiration (sudden emergence of the idea) and 
verification or revision. Like steps in problem-solving, this 
situation is also not clear cut. There are many circles and 
circles on circles in this cycle of creative thought. Hypotheses 
originate both from theory and facts. They may originate at 
different levels of development as well as depend upon the 


imaginativeness of the investigator. 


intentionally. 
hypotheses. 

learning, and 
namely, preparation, 


Scientific methods 
Like the definition of science, it also defies it own definition 


Scientists attack problems or even the same problem in diverse 
ways. They attack the problem at any point they think proper. 
The choice of the method or a group of methods always rests 
with the scientist because his main aim is to catch the fish rather 
than to specialise in the art of angling (about which he least 
bothers). However, he thinks of several ways or hypotheses for 
cracking the whole puzzle or a series of tiny puzzles as he comes 
s them. There is, of course, unconscious awareness in 
evance of a particular method under considera- 
at the scientific frontier, there is no official line 
Scientific methods are used to standardize 
tandard as the prevailing conditions 
lenged. Scientific statement changes 


acros 
regard to the rel 
tion. Secondly, 
of attack available. 
knowledge which are as S 
allow or keep them unchal 
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as the conditions under which it is supposed to be true change. 
Ohm’s Law is true only when the physical conditions on the 
conductor do not change. Boyle’s law is not true at all tempe- 
ratures. If one takes a historical view, it appears that scientific 
knowledge on a given problem has been quite variable in 
different periods. Each advance is something successfully won 
from nature for possibly rich exploitation later on. There is 
an interesting example in the history of physics where father 
(J.J. Thomson) and son (George Thomson) received nobel prizes 
in 1906 and 1937 respectively by using scientific methods for. 
proving two opposite views on the same subject’, the two views 
respectively were that electrons were particles and waves. This 
is not the only example. History of Science is full of such 
examples. It is an example of productive thought which it is 
difficult to confirm or reject partially at its very birth. It is 
only through scientific methods followed by rich constructive 
imagination and speculation (testing and retesting under as 
many diverse conditions, as humanly possible) that a given 
productive thought grows gradually to its adulthood, not again 
to remain unchallenged for centuries like water (considered one 
of the few basic elements) which on passage of electricity turned 
out to be a compound of hydrogen and oxygen. Fundamental 
ideas of science remain fundamental until they are challenged 
in turn by workers successfully : Ptolemy, Copernicus, Kepler, 
Newton and Einstein. In the words of Albert Szent-Gyrogi, 


"Research is to see what everybody has seen and to think what 
no body has thought’. = 


Steps in scientific method 


Before Karl Pearson, philosophers and others had speculated 
on the nature of scientific method. But it was left to Karl 
Pearson who gave it its modern form. If strictly followed, it 
is likely to give firm results, In Karl Pearson’s scheme, the 
following seven were the major steps of scientific method : 


1. Sensing the problem including its definition, scope and 
analysis. 


2. Experimentation. 


3. Collection of data, interpretation of data, selecting and 
examining the most fruitful hypotheses and arriving at 
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a tentative solution. 

Establishment of the law. 

Generalization of the law (theory). 

Application of the law to new situations. 

Predictability. 

Idealization and abstraction. This step tends to link 
science with philosophy.!^ 
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Logically speaking, there is nothing wrong with these steps. 
They are just the precautions to be observed or stages to be 
mastered in the course of solving a given problem. They do 
not at all guarantee either solution or clarify any psychological 
principles. As already mentioned, we, in fact, know very little, 
how the scientists, from the psychological angle, encounter 
creative problems which result in the arousal of various hypo- 
theses in their minds or what makes them attack problems ? 
One can only judge at the end for the basic problem any way 
ishow to crack the problem at its joints. Steps may not help 
consciously as well as unconsciously. According to P.W. 
Bridgman, in problem solving, ‘no holds are either barred’ or 
restrictions imposed except the dictates of the problem itself. 
Scientific method need not necessarily be followed when a ana 
qualitative and cheap solution is required. Á 


4. Science as Past Adventure 


Leeuwenhoek worked for twenty years without an audi- 
ence. This janitor and shopkeeper wrote a paper on: “A 


by Mr. Leeuwenhoek concerning Mould upon the Skin, Flesh, 
etc., the Sting of Вес”, etc. The Royal Society of LONDON 
requested him to send further details abou 
well as method of observations, R 


self and do not show it to any one, 
I do not want to teach the art of 
have to teach many. I do not wa 
art. To Leibnis, he said : 


The professors and Students of the University of Leyden 
were long ago dazzlend by my discoveries, they hired three lens 
grinders to come to teach the students, but what came of it ? 
Nothing so far I can judge, for almost all of the courses they 
teach there are for the Purpose of getting money through know- 
ledge or for gaining the Iespect of the World by showing people 
how learned, they are, and these things have nothing with dis- 
covering the things that are buried from our eyes. I am 
convinced that of a thousand People not one is capable of 
carrying out such studies, because endless time is needed and 
much money is Spilled and because a man has always to be 
busy with his thoughts if any thing is to be accomplished! 


Science as Past Adventure 73 

Support from wife. Т here is nothing in me to attract a 
young girl's fancy but my recollections tell me that those who 
have known me very well have loved me very much. So she 
married the man who was on the verge of cracking mysteries. 
Madame Pasteur not only awaited him at night for thirt y 
six long years but also believed in him. She wrote to hig 
father, “You know that the experiment he is undertaking 
this year will give us, if they succeed, a Newton or a Galelio” 
Pasteur was her life and since Pasteur thought only of work, 
her own life melted more and more into his work. ... . { 

Where in your families will you find a young man whose 
curiosity and interest will not immediately be awakened when 
you put into his hands a potato, and when with that potato he 
may produce sugar and with sugar alcohol, and with that alco- 
hol ether and vinegar? ... He challenged all. ‘Am—I—not— 
clever-to have found—this; and are not—all—of you—fools 
not—to—believe—it—at—once. -.- In 1882, he gave a speech 
in an International Conference at Geneva on “How to guard 
Living Creatures from Virulent Maladies by Injecting them with 
weakened Microbes”. He made several claims mentioning little 
about his miserable failures. There Dr. Robert Kock, who 
developed his art of experimentation from a microscope "gifted 
on his birthday retorted back : 

Did Dr. Pasteur say that his first vaccine would ki i 
but not guinea pigs? Dr. Kock had tested it, and it dn Not 
even kill mice. But some queer samples of it killed sheep ! 
Did Mr. Pasteur maintain that his second vaccine killed ЕМ 
—pigs but not rabbits? Dr. Kock had carefully tested this 
one too, and found it often killed rabbits very promptly—and 
sometimes sheep, poor beasts, which Mr. Pasteur claimed would 
guard from death ... Finally, was Mr. Pasteur really burning 
so with a passion for truth ? Then why had he not told of the 
bad result, as well as the good ones, that had followed the 
wholesale use of his vaccines ? Such goings—on are suitable 
for the advertising of a business house, but science should re- 


ject them vigorously. 

Did Kock dare to make believe that Pasteur’s vaccines were 

full of contaminating microbes. For twenty years before 

Kock’s scientific birth in 1876, it has been my one occupation 

to isolate and grow microbes in a pure state, and therefore 

Kock’s insinuation that I do not know-how to make pure culti- 
ken seriously. 


vations cannot be ta 
P.C. Ray, the Father of Indian Chemistry, illustrated 
many viewpoints : historical, eco- 


his Chemistry lectures from 
nd commitment to profession in 


nomic, political, personal, a 
the face of colonial rule. He would try hard to build a bridge 


between the minds of his pupils and those of the masters of the 
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modern Chemistry like Priestley, Scheele, Lavosier, Cavendish, 
Dalton, and the consequent devotion and dedication required in 
the persuit of science. He feelingly as well as admiringly talked 


they produce parrots licensed ignoramuses. In 1934, on be- 
mical Society, and 
5 from the Presi- 

emical Society, he 
observed : 


More than forty years ago while a student at Edinburgh, I 
almost dreamt a dream that, God willing a time would come 
when modern India will also be in a position to contribute her 


quota to the world’s stock of Scientific knowledge; and it has 
been my good fortune to See my dream materialise. 


Introduction 


Science is a vast body of knowledge, doubling at the end of 
each decade, in this century. It has been developed by the 
efforts of dedicated philosophers, Priests and scientists over the 


last several centuries. The story of the development of the 
incomplete -house of Science or the historical dimension to 


the development of Science is as exciting and fascinating as cur- 
rent scientific research, Tt informs us intellectually and emo- 


links among Scientists ; and 
economic, technological, 
with the growth of scien 
the historical dimension to the stud 


lastly, the ‘interplay of social, 
and psychological factors’ associated 


У of science tends to place 


Dowledge in its true perspective. It 
gives its devotees and men of less calibre like most of us inner 
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strength to push forward regardless of consequences in the face 
of personal, psychological, sociological and financial difficulties. 
It as well enlightens us to the contributions of each scientist in 
a given period as well the cowdung (unsolved problem) still left 
by him. How is it that a giant of his age stumbled and stum- 
bled against a problem or a new scientific fact:despite his 
‘power of observation, originality of imagination, virility of 
ideas and a remarkable capacity for philosophic and scientific 
narration.” And how is it that the same giant succeeded gene- 
rously by reasoning carefully even with vague concepts which 
were later accepted by his successors. To quote Bacon and 


Mashina Yukio : 


The history is obliged to. penetrate into the very soul of 
every age, and every author, to relate faithfully and im- 
partially the thoughts ofall, and to maintain every one in 
his right, not giving to moderns what belongs to the 


ancients. 

The past does not draw us back to the past. There are 
certain memories of the past that have strong steel springs 
and when we, who live in the present, touch them, they 
are suddenly stretched out and they propel us into the 


future (1). 


The use of history in science teaching both in the basic edu- 
cation of professional scientists and arts graduates, leave apart 
the school population, is a neglected territory in our country. 
Like literature, the students of science need not at all study 
the great classics of science, for example, physica of Aristotle, 
Almagest of Ptolemy, Principia and Optics of Newton, Electri- 
city of Franklin, Chemistry of Lavoisier, Geology of Lyell, 
and the Origin of Species by Darwin. They study, say, the 
present Chemistry not the past Chemistry which led to it, that 
is, Pauling not Priestley. Aldous Huxley, the grandson of 
J. H. Huxley had exactly this in mind when he said : 


Every generation of scientific men starts where the previous 
generation left off; and the most advanced discoveries of 
one age constitute the elementary axioms of the next. We 
are not in the habit of inspecting the foundations of the 
houses in which we live ; and similarly, men of science are 
not in the habit of referring tothe original paper of their 


predecessors.* 
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We Jose much of value if this attitude remains in the re- 
maining half of the so-called Century of Science. Of course, 
the physical world does not change but our concepts about it 
are changing fast. We thus Keep the citizenry ignorant of the 
ways the scientific ideas and techniques change and influence 
our actions and thoughts in their historical perspective. In 
the absence of this knowledge, how will they exercise their 
choice when they are asked to vote on the utility or futility of 
manufacturing a hydrogen bomb, support pure research or 
applied research, fluoridation of water, compulsory В. С. С. vac- 
cination, atomic bang for peaceful Purposes and other scientific 
issues which sooner than later in no time become political, social, 
economic and moral ones. Lastly, history in science helps us 
to see present in relation to the past, future in relation to the 
present ; and illuminating in the process, the nature of human 
adventure committed to Progress on consequent discovery and 


development in the face Of even near unsurmountable diffi- 
culties 


Illustrations from the History of Science 

Let us exemplify part of the above-mentioned ideas with 
several incomplete illustrations drawn from the History of 
Sive approach to tackle this 
modern ideas and trace its 


tant past. Draw its flow diagram and watch the entire develop- 
е an intellectually satisfying 
llowing examples : 


The Concept of Electron. 

Christopher Columbus on a Voyage of Discovery. 
The Bending of A Seedling. 

A Mysterious Nervous Disease. 

The Discoverer of Some Chemical Elements. 

The Work of Ronald Ross. 

Our Universe and The Shape of Earth. 

From Jungle to the Zoo (The Petiodic Table), 

. Our Foods ; and the Story of Vitamins. 

The Origin of Life. 
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11. The Emergence of Electron. 

12. The Work of Humphery Davy. 

13. The Inventive Wizard, George Westinghouse. 
14. On Measuring the Velocity of Light. 

15. The Use of History of Science Cases. 


1. The concept of electron 

Take the concept of electron which is increasingly becoming 
difficult to visualize. It is conceived differently in different 
theories. Stoney, the originator ofthis concept, meant by it 
a basic unit of positive or negative electric charge. Through 
his experimental studies, J.J. Thomson made it observational 
by carrying on this particle a negative unit of electricity. He 
won a nobel prize. Later on, his son showed electron like a 
wave and also shared a nobel prize. By using scientific 
methods, both won nobel prizes for contradictory results. Now 
it is claimed that electron has a dual character. Itis also of 
interest to point out that Schrodinger regarded electron as a 
*theoretical term, designating packets of the maxima of inter- 
fering phase waves in non-mathematical configuration space’. 
This example shows that it is possible to reason carefully and 
successfully even with vague concepts. What is electron, 
therefore, receives different answers from different people.? 
Better conceptual distinctions can be obtained only when con- 
cepts in vogue along with their past history are clearly known 


(N.R. Hanson). 


2. Christopher Columbus on a voyage of discovery 

The Voyage of Christopher Columbus shared many features 
of a classical discovery. He firmly believed that the earth was 
spherical rather than flat. He therefore, thought of reaching 
East by sailing West. He was aware of three different esti- 
mates regarding the diameter of the earth. He planned his 
voyage in the light of one of the estimated diameters which 
was not far wrong- from the actual] diameter. He encountered 
all sorts of difficulties, physical psychological and financial. 
In addition, he had to discipline his crews as well. He did not 
discover the hypothesized route but instead discovered a new 
continent. He did not believe in his new discovery. He stuck 
rigidly to his original hypotheses that he had discovered a way 
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to the Orient. Hardly anybody in his life time fully realized 
the implications of his discovery. Consequently, he received 
little reward or credit. The moderns gave him the credit 
later on. Now new evidence indicates that he was not the only 
first European to reach America‘. 


3. The bending of a seedling à 


Science is a matter of ‘meticulous observation and un- 
restrained speculation’ (Eric Ashby). Merely counting the 
teeth of а horse, donkey or man does not constitute an act of 
science. It is only a Step towards it. Ittends to become 
Science only when one attempts to describe the number and 
arrangement of teeth in different animals called dentition. 
Efforts become quite powerful if they result in the discovery of 
a mathematical relationship. Thus it becomes possible for one 
to ‘Assign the bewildering diversity of mammals to one or other 
of a few easily remembered categories. Let us illustrate : 

All of us know orit can be verified any way that an oat 
seedling when placed near a window bends towards light. The 
bending occurs ata point just over 6 mm away from the tip. 
The question arises: What. is the cause for this bending ? 
Charles Darwin also observed this phenomenon. He found 
further that bending does not Occur incase tips are removed 


He hypothesized that the tip 
and in turn transmits a message 
below for the bending to occur. Boysen-Jensen confirmed 


and followed up this observation by 


S to grow in case its tips are cut off. 
eresting observation. This phenomenon 


repeates itself when the Severed tipis put back on the stem 


itself. They, therefo 


es : what causes the stimulus ? 
thesized that stimulus is either 
t) or some chemical substance. 
ng a minute cube of gelatine 
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between the severed tip and the stem. The choice of the 
gelatine cube rested on the fact that the nerve impulse and not 
the chemical substance would be fully resisted. In 1928, Went 
in Holland thought of collecting. this chemical substance in 
blocks of gelatine and succeeded in his efforts. Whereas he 
failed to name the substance, he did succeed in an other direc- 
tion. He developed a technique in collecting this substance in 
the tip in certain units. Kogol, with careful experimentation, 
collected this growth promoting substance in sufficient quan- 
analysed it, isolated it, and named it as ‘Auxin’. Fifteen 
years later, it was found that it was not ‘Auxin’ but some other 
simpler substance. It is in the tradition of science, where the 
credit is due, the name of Kogol is just not mentioned. 

It is interesting to note that it took about seventy-five years 
for partial understanding of this problem when Charles Darwin 
first vaguely worded hypothesis. Currently, the 
position is that the efficient cause of growth as well as the cause 
of bending in an Oat seedling is known to bea chemical sub- 
stance. Not only the constitution of this chemical substance 
is known but also the chemists have succeeded in synthesizing’ 
it. Several additional investigative questions have turned up 
during the solution of this one time least understood problem. 
For example, “Why is it that only this substance and not other 
substance with similar chemical composition helps in growth ? 
Is it suggested that it is related to the specific configuration of 
atoms in this substance’? ‘What other growth promoting 
substances critically control plant and animal life’? Science 
appears to advance forward by unfolding a chain of 


mysteries.° 


tity, 


gave his 


4. A mysterious nervous disease 

W. H. Bennetts investigated a mysterious nervous disease 
which inflicts sheep in Great Britain and Australia. He first 
hypothesized that this might be due to lead intoxication. He, 
therefore, treated some sheep with ammonium chloride. The 
initial results appeared to be quite promising but the latter were 
not. From this, he got a clue that this might be due to some 
mineral deficiency. He followed up this clue; and through 
ation pin-pointed the cause of this strange disease, 


experiment 
ency of copper. It had never been even 


namely, the defici 
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suspected in the past that the deficiency of copper ever produc- 
eda disease in an animal. At this moment of triumph, his 
thoughtful remark needs careful consideration : Hypothesis is 
neither right nor wrong nor definitive; and it simply attempts to 
direct our probings.§ 


5. The discoverer of some chemical elements 

Let us consider the work of William Ramsay (1852-1916). 
In 1785, Cavendish passed electric Sparks in a mixture con- 
taining atmospheric nitrogen and excess of Oxygen. On re- 
moying nitrogen Oxide and Oxygen, he found that a very small 
quantity of the gas was still left which, of course, did not 
exceed 1/120th of the original volume of nitrogen. On reading 
this account, Ramsay had noted: ‘Look into this’, He 
possibly forgot all about this but was soon reminded by Lord 
Raleigh’s Open letter in 1892. i 


I am much puzzled by some results as to the density of 
nitrogen and shall be obliged if any of your chemical readers 
can offer suggestions as to the cause. According to the two 
methods of preparation (Nitrogen gas), I obtain quite dis- 
tinct values. The relative difference, amounting to 1/1000 


part, is small in itself, but it lies entirely outside’ the errors 
of experiment. 


Ramsay joined Lord Raleigh and both of them now attack- 
ed this problem jointly. They discovered a new gaseous element, 
namely, Argon. ^ This was not the end of journey for Ramsay. 
He made a strenuous search for all the possible compounds of. 
Argon. He even studied Several minerals containing Uranium 
which, on dissolution in acid, released a gas presumed to be 
nitrogen. He found that the released gas was not nitrogen as 
hypothesized by him earlier. Of course, it certainly contained 
Argon but there was another gas, hitherto, unknown on earth. 
On spectral analysis ; it gave a clear and brilliant yellow 
spectral line. Here is another example where two independent 
scientific paths happen to cross each other. Earlier a French 
astronomer had found this line in his Spectral studies, on the 
atmosphere of the sun. Further, Frankland and Lockyer 
stated that this line was due the existence cf a new element in 
the sun for which they had suggested the name of Helium. A 
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small anamolous observation on being followed up by careful 
and extensive experimentation, systematic analysis and flash of 
imagination brought down helium from the sun to our abode. 
About this discovery of Helium, Ramsay wrote to his wife on 


March, 24, 1895 as follows : 


Let us take the biggest piece of news first. I bottled the 
new gas ina vacuum tube, and arranged so that I could see 
its spectrum and that of Argon in the same spectroscope at 
the same time. There is Argon in the gas ; but there was a 
magnificent yellow line, brilliantly bright, not coincident 
with but very close to the sodium line. I was puzzled but 
began to smell a rat. Itold Crookes, and on Saturday 
morning when Harley, Shields, and I were looking at the 
spectrum in the dark room, a telegram came from Crookes. 
He had sent a copy here and I endorse that copy. You 
may wonder what it means. Helium is the name given to 
a line in the Solar spectrum, known to belong to an 
element, but that element has been hitherto unknown on 
earth.—It is quite overwhelming and beats Argon. 


In 1898, he reported other gases like neon, krypton and 
xenon, and radon (radium emanation). Let us sidetrack for a 
while here. It is of interest to note that an American scientist 
named W.F. Hillebrand had examined a sample of mixture con- 
taining both Argon and Helium before 1890, but had failed to 
identify correctly. He discovered that certain minerals on 
reaction with acid gave off nitrogen. He repeated the experi- 
ment and found that the newly evolved gas was not nitrogen 
but a mixture of gases containing Argon and Helium. Ramsay 
investigated thoroughly and successfully whereas the American 
scientist remained very close to this discovery. After Ramsay’s 
success, he had these comments to make on his failure : 

The circumstances and conditions under which my work was 

done were unfavourable ; the chemical examination had 

of time, and I felt strong scruples 


consumed a vast amount J 
gular routine work. J was not 


about taking more from re 1e Wc 
а novice at a spectroscopic work of this kind. It doubt- 
in comprehensible to you, in view of the 


less has appeared f c 
d other lines noticed by youin the gas 


bright Argon an 
from clevite, that they should have escaped my observa- 
tion. They did not. Both Dr. Hallock and I observed 


numerous bright lines on one or two occasions, some of 


6 (45-55/1972) 
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which could be accounted for by known elements—as 
mercury, or sulphur from sulphuric acid ; but there were 


others that I could not identify with any mapped lines. 
The wellknown variability in th 


| € spectra of some substance 
under various conditions of degree of evacuation of the 
tube led 


me to describe similar causes for these ano- 
malous appearances, and to reject the suggestion made by 


one of us in a doubtfully serious Spirit, that a new element 
might be in question. 


Who are wise before the event ? Onlya few! Who can 
pinpoint discovery with absolute confidence at the scientific 
frontier ? The answer is obviously No one ? Here, one has 
to learn to believe in one's own answers without raising 
an accusing finger at any body who may give false scent. 
The price for this is that one has to Spend not only 
hours and hours but days and months, in isolation, on the 
solution of a given problem. Both choose and chase are im- 
portant where in, factor of chance, is not barred, one finds 
choose which was not the object of chase. In the process, it is 


no wonder that one has to tolerate lot of vagueness апі con- 


sequent resulting confusion for a long time. To quote Peter 
J. W: Debye : 


It is the urge to understand that makes 
Perhaps in the experiment something happens that aston- 
ishes. me. think about that it could mean-try this, try 
that in my mind. Discontent pushes me. Itis discontent 
that is the driving force, soon 1 become impatient, and then 
I get по where, So forget about it and then, months later, 
the answer suddenly comes to me. Once I have it and. 


have tested it that it is the right answer, 1 lose interest. I 
was to explore Something new. 


me study things. 


Ramsay’s contribution is unique in the history of the dis- 
covery of chemical elements, No other individual, single 
handed, had discovered a Whole column of new elements in the 
periodic table. The chemical inactivity of elements gave his 
work extra distinction, After his chemical discoveries, nature 
need no longer jump abruptly from halogens to the alkali 
metals differing completely in electropolarity.7 
6. The work of ronald ross 


Let us describe in brief the W 


ork of Ronald Ross on malaria 
who was a reluctant medic 


al doctor in the Indian Medical 
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Service. People living in the tropical countries know first 
hand about the terrible effects of malaria on their physical and 
mental health. In ourcountry, a large number of people used 
to die of malaria every year. It is interesting to note that even 
recently, Indian doctors, on seeing a feverish patient, used to 
treat him first for malaria than for any other disease. The 
situation is now much happier and better for malaria has been 
brought under control in our country. This happened because 
Ronald Ross discovered the causal agent of malaria. 

It is of interest to point out that the cause of malaria had 
been speculated upon by many learned people within the last 
2500 years or so, Hippocrates, for example, described this dise- 
ase quite elaborately. The Greeks guessed rightly and believ- 
ed that malaria was associated with marshy lands, filthy water, 
stagnant ponds and impure air. Herodotus even mentions that 
Egyptians were the first to use nets for protecting themselves 
from mosquito bites. About 1600 years ago, a Roman agri- 
culturist named Palladius found thatthe drainage of marshes 
reduced the incidence of malaria in the neighbourhood. He 
suggested two other causes of malaria, namely, the drinking of 
water containing mosquito grubs by the inhabitants ; and bit- 
ing by the mosquitoes. Since then, part personal experiences, 
observations and descriptions began to accumulate but at the 
end of the nineteenth century, it was not clear how the people 
caught malaria as well as how^it could be fought effectively. 
Ronald Ross did it despite the fact, he was not a trained 
biologist. His work was also of significance in other insect 
borne diseases like yellow fever, sleeping sickness, typhus and 


plague. 
He was a man of extensive interests running across several 
th which we will not deal here. As a boy and an 
n in the Indian Medical Service, he had seen lot 
hich stirred his conscience beyond measure and 
description. He intended to do something about it. His 
serious interest in mosquitoes began in 1884 when he was 
severely bitten by them at Bangalore. In 1888, he undertook a 
course in bacteriology which provided him some rational 
knowledge of sanitation. It is of interest to mention here that 
he fared very poorly in the new diploma of public health exa- 
mination, His examiners passed him because he showed his 


disciplines wi 
army surgeo 
of malaria № 
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ingenuity in answering a non mathematical problem on popu- 
lation mathematically which was least expected in that question. 
On return to India in 1889 after his usual leave, he began his 
systematic investigations of Mosquitoes by breeding them from 
larvae. As a first shot, he discounted the discovery of Laveran, 
a French Biologist, that malaria was caused due toa parasite 
in the blood. He could not find them in blood and showed so 
to his colleagues. He felt keen frustration for he had at his age 
achieved nothing in his life. In 1892, his father died, an event 
which made him very sad. Two years later, he again went to 
England, wrote a novel, won a Parkes Memorial Prize on 
writing the best essay on malaria. In this essay, he rejected 


the Bad Air Theory of Malaria by arguing that a ‘Square yard 
of infected soil does not cause as 


ify in blood in India. He 
Philosopher and guide. He advised 


which he called a diagnost 
to the heart of the proble 
of the problem lay. In thi 


ic microscope, 


knowledge, skills and 
Ross to pick and choose 
he deemed best. He 


Were made bitten inside nets by mos- 


4 nt to the extent of breeding his own 
Mosquitoes whose past history he knew quite well. He re- 


captured them after they had done their biting business. He 
dissected them and looked Searchingly for parasites. He en- 
countered Many problems both Personal and professional when 


quitoes. He even we 
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engaged in this work. He was usually the last person to be 
promoted ; and hence constantly remained in financial difficul- 
ties. He requested in vain for some minimum facilities and 
leave. His friends considered him a crank for he was challeng- 
ing an age old traditional cause of malaria. The professional 
zoologists accused him of handling the problem crudely for he 
attempted to isolate a huge task *without professional training 
in natural history and microscopy. One can imagine his task 
what he recorded when he saw a mosquito under a 


microscope : 


Appears as big as hippotamus is to the naked eye, and the 
object I was looking for need not necessarily be larger in 
comparison than, say a nut огап apple ; and moreover, we 
had no clueat allas to the position the parasite would 
take up in the enormous mass of cells of which mosquito is 


composed. 


It is now known that there are over two thousand species of 
mosquitoes out of which only one transmits malaria. Through 
his investigations, he pinpointed on about five different malari- 
al parasites. He was thus solving a problem in which there 
were two unknowns to be discovered in two equations. He 
had, therefore, to solve this problem through permutations and 
combinations, that is, by the method of elimination, He sur- 

_ mounted the ensuing difficulties like a Hercules by ‘dissecting 
г mosquito’ and observing each of them intensive- 
ly for over three hours under his improvised microscope. His 
sweat had rusted the screws of his microscope. But in the 
midst of his difficulties, he saw the relevance of his work for the 
suffering humanity. Manson had told him not to despair on 


the Mosquito Theory of Malaria. 


Look on it as a holy Grail and yourself as Sir Galahad— 
Look on a stone wall as a stimulant rather than as an in- 
superable barrier to progress. I have run my head against 
them often enough, but some how if І kept hammering at 
it and thinking about it sooner or later I got over or under 
or through when I had set my mind to it; and so will you. 


He stuck to the problem. He had with him about thirty 
potential cases of mosquitoes left which, on further close exa- 
mination, were reduced to three. At this moment, he had not 


mosquito afte 
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succeeded in tracing the Parasite inside the body of the mos- 
quito. His depth of frustration kne 


nearly at the breaking point. 
some circular object with distin 
he had earlier seen in the mala; 
chores, that is, made notes ings. He had now one 
mosquito left. He now hypothesi 

had noticed, a little while ago, п 


Parasite. He was now 
Same time, next day, 
He had now successfully’ traced 
parasite or the cycle of malaria 


Ting severa] alternatives at the, 


This day designing God 

Hath put into my hand 

A wonderous thing. And God 

Be praised. At his command 
have found thy secret deeds 
h million-murdering Death 
know that this little thing 

A Million men Will save 

O death where is thy sting ? 

Thy Victory or Grave. 


He was in a sta 
to the frontier d 
terrupted his work 
personally the resul 
His results were Sel 
ever, the end. 


te of ecstacy, 

espite his hea. 
for two years, 
ts Of Ross to the 
Nsational in many 


A month later, he was sent 
rt in malaria, This further in- 
In 1898, Manson reported 
British Medical Association. 
Ways. This was not, how- 


It is not rare їп the history of Science that two or more than 
two persons tackle the same problem differently and that also 
more or less at the same time. One such Person in Italy was a 
Medical doctor turned into 4 highly trained professional 
Zoologist : Giovanni Battesta Grassi. He was the exact op- 

SS who was illogical and anti-scientific in his 
He was not like Edison who got the things 
er on from the professors. There is then 
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hit, trial, exclusion and success, if luck favours. He- began to 
publish his researches on malaria by mosquito bites, but after 
the publication of Ross’s first paper. He further showed that 
malaria both among birds and man was transmitted exactly in 
the same manner. Interestingly enough, unlike Ross, he pro- 
gressed, a lot towards his goal without carrying a single serious 
experiment. The moralistic situation was the same in both 
cases. Malaria was one of the worst problems that Italy 
faced in his time. So his pursuit was also driven by a humani- 
tarian consideration. He offered himself and his friends for 
mosquito bites at considerable personal risk. He found mos- 
quitoes without malaria but never malaria without mosquitoes. 
He, therefore, concluded that there must be a special kind of 
mosquito which he must discover. He obtained state assistance 
and set up several control experiments. His technical work 
supported the main thesis of Ross but increasingly, he began to 
stake his claim for the original discovery. This upset Ross 
badly who hurled abuse on Grassi by paying that he was a thief, 
and charlatan who had added nothing to the original evidence. 
It is a bit controversial whether B. Grassi in his enthusiasm for- 
got to pay his debts to the past workers. Robert Koch called 
him a scientific thief. Even Laveran found his case unconvinc- 
ing, shabby and dishonest. After his retirement from army, 
Ross got a lectureship at the newly started school of Tropical 
Medicine in Liverpool. 

In 1902, he won a nobel prize carrying a sum of seven 
thousand eight hundred and eighty pounds for his discovery. 
He died in extreme financial difficulties thirty years later. His 
last words were, ‘I shall find out things—yes—yes' Tt should 
not be forgotten that Ronald Ross was not alone who did not 
make, when young, good impression on his father. It is in- 
teresting to note that to win an insect collecting competition, 
Charles Darwin even went to the extent of putting one insect 
alive in his mouth for he had no space for it in his collecting 
bag. His father said to him, “You care for nothing but shoot- 
ing dogs and rats catching, and you will be a disgrace to your- 
self and your family’. Later on, he timed his daily physical 
activities and succeeded to complete his treatise despite very bad 
health. Such people have zeal, ability and are also talented, 
Their minds engaged on problems tend to be stronger than their 
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physical frail bodies. This usually. happens when they fully 
identify themselves with their Problems. Lady Parson at the 


death of her husband, Charles Algernon Parsons, said perhaps 
in a similiar vein : 


Y oblivious of them all. The 
ime courage. He never ad- 
was always hopeful about any concern he 


› even in his last days, to 
make a success of the new kind of work he had undertaken 


7. Our universe and the shape of earth 


Curiosity in man has been as old a 


5 man himself. He has 
pushed back the unknown 


in his white heat of creativity. 
should be the job of teacher to 
ence before the very eyes of his 


of them are attracted by the 
challenges of the unknown. To quote Bentley Glass : 


Narrow is the gate 
scientific exploratio 


rations and discover 
hard facts, assimilate 


many Concepts, become practised in 
many skills and tech 

which means to lea: 
failures, and to 


One should not be Surprised, if on Surveying scientific lite- 
rature, one finds that science is dogmatic, that is, great scientists 


concept, the cumulative 


whose ore, of course, 
can be further refined, 


Another more interesting aspect of 
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science is that it is possible to reason or figure out things even 
with untruths like vital force ; and elusive and vague concepts 
like phlogiston. In science, window tapping is allowed so as to 
have an inside feel about the growing body of science and 
crack it at its weakest point. It is just possible that nothing 
may appear in the cracked nut. Itis a case of false scent then. 
Failure in science is as revealing as positive contribution : sear- 
ching for a black cat in a dark room where black cat does not 
exist. Who can pronounce this judgement ? It has to be shown 
so. The balance of thinking then shifts to discovering new 
facts and relationships even at the cost of discarding the entire 
past stuff. The situation is thus set right ; and new scientific 
theory is thus born by discovering something new, unthought 
and unheard of hitherto. It is thus a problem of Talents and 
Tools demanded by discovery when we land ourselves into 
theoretical and practical oddities. Unlike bad workmen, we 
have to quarrel with them (tools) in order to bring into the open 
the hidden notions underlying а complex scientific pheno- 
menon, tolerating many jokers on the way, in the process. 
This is a dynamic aspect of science. Several aspects of 
science need not confuse anybody just like a man who can be 
seen from different angles at the same time but 'without any 
loss to his basic entity : physiological, psychological, costela 
cal economic, regional and global. He is also a man, citizen, 
father, uncle and grandfather etc. In this context, let us now 
reflect incompletely over the nature of our universe and the 


shape of earth. j 
Since times immemorial, 
environment, both physical 


man has been curious about his 
and nonphysical. Man has been 


trying hard to understand his World and offer explanations of 
varying degrees of acceptance. In his failures, he has not 
hesitated to personify natural forces like air, water, sun and 
wind etc. and seek mythological support through sacrifice of 
humans, animals and materials, self-restraint and rituals. To 


quote Frazer in the Golden Bough : 


: ted with sowing last several weeks, 
The ceremonies come certain taboos have to be observed by 
and during us, on the first day ofthe festival, the whole 
the people. Be the very old and the very young, must 


population, 
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refrain from bathing : after that there follows a period of 
rest for eight nights during which the 


We find some of these 
tinue to exist even today i at time, there 


and science. Learned 


» did speculate over Several diverse problems at 


the same time, One of the 


was to find out the basic materials out of which things all 
around were made Of; and the shape of the earth. Thus 
Thales of Miletus (640-546 В.С.) who was extremely dissatis- 
fied with the Egyptian Practical fund of knowledge, regarding 
the construction of p elf to the extent of 
finding general Prine hem to solve practical 
Problems. He appli blems of geometry of 
triangle ; and succes distance between the 
Y predicted the solar 
Stices, equinoxes, and 
Pparent diameter of the 
asis of all things. He 
disc floating in water : 
unded by water moved 


Succeeded to estima 
sun. He believed th 
imagined earth as a 
and upper heavenly 

around it. His pupi 


f is of all things, He regarded 
‘Infinite? as the bas ings’; that is, matter was created 
from infinite and tr 


Universe. Interesti 


Tegarded other heavenly 
bodies as spherical. 
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Anaximenes (585-528 B.C) regarding the shape of earth. Like 
Thales, he argued but reached a different conclusion : air and 
not water was the basis of all things. He further believed that 
earth was like a ‘flat table floating on air, sun was like a leaf, 
and the stars had originated from earth and were full of free 
Further, he pictured ‘stars as studs attached to a vast crystal’. 
Then came Pythagoras and his followers who believed that 
mathematics was the sole basis of our universe. Pythagoras 
(572-492 B.C) imagined earth and other heavenly bodies as 
spherical, being perfect geometrical figures. He regarded earth 
as stationary at the centre of the universe but his followers 
speculated it as a ‘planet in motion’. For Heraclitus (540-475 
B.C), world was ina state of flux whose, one of the chief dis- 
tinguishing features, was changefulness. He summed up his 
idea in the statement : ‘Everything flows’. Empedocles (500-430 
B.C) developed all these ideas further and came to the con- 
clusion that the universe comprised four elements, namely, 
earth, air, fire and water, sharing four primary qualities, 
namely, moisture and dryness, heat and cold ; and the twin 
motions : affinity and opposition. He also explained correctly 
not only eclipses but also the formation of day and night. His, 
contemporary, Anaxogoras (488-428 B.C) believed in the glory 
of heavens. He further believed firmly that the chief object of 
being born on this earth was to ‘investigate sun, moon and 
heaven’. He also explained how lunar eclipses occurred. Like 
the pythagoreans, he believed that the universe was explicable 
in terms of mathematical principles. In 350 B.C., Eudoxus 
suggested his own model of the universe—an elaborate and 
compact system of concentric circles with а stationary earth at 

ed on it the motions of earth, sun and 


the centre : and reproduc 
moon etc. with the help of twenty-seven spheres which moved 
within one another. Callipus, later on, improved on this 


model by suggesting one additional sphere each to Mars, Venus 


and Mercury. 

Let us now come 
be the mas 
] proceeding centuries 


to Aristotle (384-322 B.C) who was sup- 
ter of ail knowledge. It was said of him 
that a thing could not be true 
had not been found in his writings. There is an 
cdote to confirm this. Once a medieval student 
the sun and reported his discovery to his 


posed to 
for severa 
(or exist) if it 
interesting апесес 
discovered spots 1B 
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priest. The priest in turn commented : “Му son, І have read 
Aristotle many times; and I assure you that there is nothing 
of the kind mentioned by him.’ Go, rest in peace and be certain 
that the spots which you have seen are in your eyes and not 
in the sun.’ Aristotle suggested his own geocentric model con- 
taining fifty five rubbing over each other spheres. Further, each 
sphere revolved in acircle with a constant speed. Later on, it 
proved to be an erroneous assumption least doubted by Coper- 
nicus in his life time. Aristotle’s contemporary, Heraclides of 
Pontus, suggested a heliocentric model of the universe. It is, 
therefore, doubtful whether he included in his scheme supérior ' 
planets as well. Seventy five years later, another giant of Greck 
astronomical thought, Aristarchus approached the entire prob- 
lem of solar system geometrically. He calculated the distance 
between sun and earth, diameter of the moon and the sun- 
earth-moon angle. He was, remarkably, the first to suggest a 
heliocentric hypothesis, Archimedes (287-212 B.C.) ‘said of 
him : ‘His hypotheses are that the fixed stars and the sun re- 


main unmoved, that the earth Tevolves about the sun in the 


circumference of a circle, the sun lying in the middle of the 


tars in addition to other work 
which perished over the years. Now, we come to 


Ptolemy (90-168), a philosopher, mathematician and geogra- 
pher. He determined the angle of elevation of the moon and 


calculated its distance from the earth. He also produced 
a geographical outline of the kno 


maps of twenty six regions. 

on a plane surface. He regarded 
cal. It was a mixture of land an 
by sea on all sides, 


lar motion of planets, around their own axis’, It appears that 
itnever struck Ptolemy that the planetary orbits could be 
elliptical, He wrote thirteen books: Great systems of Astro- 
поту, popularly called Almagest when translated into Arabic, 
later on. Leonardo da Vinci (1452-1519) considered the 
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possibility of sun and not the earth as the centre of the 
Universe. The idea of Aristotle and Ptolemy held sway until 
Copernicus came on the scene. 

Copernicus (1473-1543) studied at depth the past works of 
all the preceding philosophers ; and found that the opinion re- 
garding the position of earth was divided. He suspected the 
utility of concentric circles, eccentrics and epicycles. He was , 
more of a thinker than an efficient star gazer. He, therefore, 
felt the inner urge to simplify the complex solar system full of 
so many qualifying clauses and unwarranted assumptions. His 
radical reorganisation ‘of the solar system supported by obser- 
vational data, unfortunately, conflicted with his official teach- 


ings. Naturally, he did not, wish to be ridiculed by his collea- 
gues and others as well as enter into avoidable controversies. It 
is interesting to note here that not catholics but the so-called 


progressives, that is, protestants heaped more abuse on him. 
Martin Luther who himself spearheaded a big progressive 
movement, regarded him a big fool who would, ‘turn the 
whole science of astronomy upside down’. He in fact sought 
the adyice of Osiander, а follower of Martin Luther and 


preacher. He said : 

Astronomical hypothesis should not be taken literally, but 
only as à helpful means for aiding computations concern- 
ing the heavenly bodies..for who could give us sure infor- 
mation as to whether the irregular course of the sun is 


produced by an epicycle or an 
followed the hy 


are possible. i 
you contributed something on t 


Thus you might assuage t s 1S 
gians who, you fear, will contradict you. ^ 

ed not be true. It should be only useful. 
an attempt at compromise with 
what he believed himself to be true and what others would 
like to believe, of course; in error. The scientist in him re- 
belled and cared little to accept conditional advice. Consequen- 
tly he did not publish his results. Anyway, Copernicus 


appears to have argued somewhat as follows 3 А 
He first asserted that the Universe 15 spherical, sphere 


being the shape of a perfect body requiring no points. Second. 


An hypothesis ne 
Copernicus regarded it as 
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ly, in this context, earth is also no exception. Thirdly, both 
the land and water on it form a sphere, Fourthly, the action 
of a heavenly body is uniform and circular or ‘else a combina- 
tion of circular Motions’. He then transferred the motion of 
the sun to the earth, Suggesting to the latter daily as well as 
orbital motions in the Process. Не thus provided а simpler 
explanation than the prevalent one by discarding a mass of 
epicyclic movements, Further to clinch the issue, he said : 


Ils the sun. For who, in this 
lamp in another or 
better place than that from which it ca 


Anyway, his 
He did not alter his 

ideas to seek acceptance of his Contemporaries. On the other 

hand, he intended to di i 

and faithfully 


Instead, it was left to 
he revolutionary ideas 


solar system as the cen r him, there were, 


He thus anticipa- 
ementary way when he said, “Bodies can 


tions to his model. Man no | 
the universe, Even our sun 
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hundred million stars which exist in our infinite universe. 
There is not one galaxy but many galaxies. And our universe 
continues to expand. These are staggering facts. We remem- 
ber Copernicus not for the ‘inaccuracies of his book, but for 
his vision in pointing the way toward astronomical truth’ 
(David D. Knight). Let us conclude this account in the words 
of Albert Finstein who talked feelingly of our debts to past 


philosophers and scientists: 


w much my own outer and 
urs of my fellowmen, both 
nestly I must exert myself in 
Ihave received. 


Many times a day I realize ho 
inner life is built upon the labo 
living and dead, and how ear 
order to give in return as much as 


8. From jungle to zoo (The periodic table) 

The ancient thinkers saw 50 much around them. They, there- 
fore, put all sorts of questions which fascinated them. One of 
them was: What elements compose this universe ? The Greek 
thinkers located four elements, namely, earth, air, water and 
fire. According to them, these four elements in varying pro- 
portions were the basis of all things which composed this uni- 
verse. The sacred and the unapproachable heavens had the 
fifth element, namely, ether. This thinking remained for con- 
siderable time. The medieval alchemists notorious for quack- 
ery, fakery and magic had the upper hand on Greek because they 
actually experimented with a variety of. substances. They thus 

the properties of 


gained at first hand lot of knowledge about I t 
various reacting substances. For example, metallic and inflam- 
ttributed to mercury and sulphur. 


mability properties were à | г i | 
On the basis of their extensive hit and trial experimentation, 
itful hypothesis (which in fact en- 


they somehow came to a fru у ‹ 
gaged them | in erratic experimentation for several centuries) 
which favoured transmutation of elements meaning thereby 


that various new substances could be made provided one could 


add act elements in the right proportion. In this con- 
EE ]d obtain gold from lead by adding 


text, they said that they cou 1 í | 

А it. It was а firm faith of the alchemists which 
adus i irected and inconceivable ex- 

br i train extensive, undirec : 

Кору they discovered more 


i i i i arch. 
perimentation. In this futile Se 5 
important substances than gold, for example, phosphorus and 


mineral acids. But still they got rich people interested in 
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their pursuits, for after all, prize was high in this adventure, 
if successful. Even the wellknown scientists like Newton, 
engaged themselves 


tation. The result was that atomic weight became the dis- 


some elements on the 
=16 and Hydrogen—1. 
contemporaries, Again 


another Italian chemist, Stanislao Canniz- 
Zro developed new precise 


On this scale, the atomic 
weight of hydrogen came out to be 1.008. In 1914, the 


eveloped a field ion 
Practically purposes, brought atoms into 


necessary to bring them toa 
uming aim of science to simplify 
€ and workable hypotheses deve- 
French geologist and a British 
mila Beguyer de Chancourtois and 
independently Suggested that they 
a tubular form on the basis of re- 
currence of similar Properties, that is, elements, regardless of 
atomic weights, could be placed in one column, Their conclu- 
sions were ridiculed by their contemporaries. Their work came 
into print only when Periodic Table, later on, became respect- 
able and fashionable. In 1869, Dimitri Mendeleev finally 
brought order into the jungle by Propounding his powerful 
Periodic Table. A German chemist Julius Lother Meyer also 
made more or less the Same point, Mendeleey Tegarded pro- 


Science as Past Adventure 97 


perties of atoms (elements) more important than their weights. 
For example, tellurium (Atomic weight=127.61) need not 
come after iodine (Atomic wt.—126.91). Also in the new view, 
bromine and iodine could become cousins. Mendeleev was 
careful in his suggested incomplete table, that is, he drew a 
blank at a place where he could not find elements of suitable 
properties. Не even went to the extent of predicting theoreti- 
cally the properties of three missing elements, and gave a call 
for their discovery. All the three elements (hallium, scandi- 
um and germanium) as predicted were discovered in 1875, 


1879 and 1886 respectively." 


9. Our foods 

Next to air and watetfis food without which a man cannot 
live for long. The ancient thinkers speculated more on the 
glory of the heavens and the mathematical basis of this uni- 
Verse than on foods, which went straight into their tumthies, 
undergoing mysterious changes there. For simple living and 
high thinking or to live ahealthy and happy life, the Greeks 


like some of the Hindu philosophers and saints, recommended 
о answer to the problem for 


moderation in eating. This was n 
they knew little about metabolism as well as the essential in- 
gredients of human diet. They could not provide answers to 
the nutritional problems for biochemistry and modern labo- 
Jop after about 2200 years. The 


ratory tools were to deve 
thinkers were therefore to advise on foods on the basis of their 
individual experiences. Thus developed food superstitions 
which even exist today in опе form OF another both in the 
advanced and developing countries. In the middle ages, San- 
torio Sanctorius did the first nutrition experiment by consum- 
ing certain samples of food. He concluded that one pound of 
food consumed does not give him an extra one pound weight. 
f alchemy when alchemists hea- 


These were the dominant days о 1 : : 
ted odd things to produce gold. His experimentation gave 


signals to other workers. The first attempt at classification of 
cian William Prout who 


foods was made by the English physi 

divided foods into three categories, later ОП, called carbohy- 
drates, proteins and fats. Their properties MOT determined 
by Justus van Liebig who found proteins more basic than. car- 
bohydrates and fats both put together in human diet. A French 


7 (45-55/1972) 
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man named Renes Reaumu 
tion on birds by feedin 
ing the same after certa 


г carried interesting experimenta- 
5 them on various foods and recover- 
in lapse of time. Specifically speaking, 
hemical changes occurring during diges- 
tion. Lazarro Spallanzani Went a step further, at great per- 
sonal discomfort, by doing the same kind of experimentation 
on himself. He swallowed thin muslin bags containing bread 
and meat, and with the help of tied Strings, took them out after 
certain intervals of time. He also intended to study changes 


occurring during digestion. . Their efforts were doomed to 


failure in the eighteenth century for for them the modern chemis- 


try was yet to be born. Dr, Beaumount, an American army 
unity in his life of examining 

during “digestion in a Canadian 
Furtrapper named Alexix St. 


It was a great triumph for he asserted that 


draw the conclusions that 


later, it was the turn of 
» and morphine. 
nturies raised several pro- 
them if they could. In 
P Problems is very impor- 
ancois Magendie showed 
lost weight and ultimately 
seph Henry carried out for 


Other investigators of 
blems and attempted to answer 


in lentils’. A growing or- 
lates nitrogen from the food it in- 
overed that gelatine is a simple pro- 
Ч: tryptophan. So in the closing de- 


ganism gradually accumu 
digests. They further disc 
tein deficient in amino aci 
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cade of the nineteenth century, attempts were made to suppl 

ment gelatine by adding aminoacids from other Рос A 
1906, the two English biochemists Frederick Gowland Ho s 
nes and E.G. Willocock fed mice on Zein, a protein UR 
from corn. The mice died in 14 days. On the addition of 
tryptophan (an amino acid), they survived twice as long. Their 
hard evidence favoured the hypothesis that amino acids rather 
than proteins were more essential component of diet than 
proteins alone. Mice still died because no one at that time had 
heard of vitamins. In 1930, thé American nutritionist, William 
C. Rose went to the heart of the problem on amino acids and 
established, later on, that rats need 10 amino acids in their 
diet. In 1949, he announced that the paragan of all animals 

that is, man needs only eight amino acids. This showed that 
rat was more complicated and specialized іп its amino acid re- 
quirements than man. Let us cut the story here and emphasize 
only that scientifically established blue print of food is essen- 
tial so that different persons doing different kinds of work do 


not suffer from malnutrition due to ignorance. The science of 
st provide answers to the following questions : 


biochemistry mu 
ces of various constituents of 


(a) What are the rich sour 
human foods ? 


(b) What are the essent 


intangible of human diet ? 
(c) What happens to the various constituents of food on 


eating ? 

(d) Can we judge scientifically the effectiveness of a given 
diet in all its varied aspects for a given individual ? 

(e) Is it possible to synthesize human food from the chea- 


pest molecules ? 


ial requirements tangible as well as 


The story of vitamins 
Let us now tell, in brief, the story of Vitamins. People in 
the distant past had some horrifying experiences with scurvy, a 
disease which made man weak, gums bleed, teeth loose and 
It was, particularly speaking, mani- 


wounds difficult to heal. 5, 
cities as well as on long voyages 


festing itself either in besieged 
at sea. In the winter of 1536 in Canada, about one hundred and 


ten members of Jacques Cartier's crews werc struck with scurvy. 
The native Indians possibly knew the remedy and suggested 
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them to drink water in which pine needles had been soaked for 
sometime. They did not believe it but they did &et rid of 


scurvy. The disease was so terrible that sailors at sea died 
more of this disease than due 


Two centuries later, 
ed the some probl 
isbury. He is reme 


У among his several crews. Was 
e after the other to cure this disease? 
He did not follow this Procedure. He was a voracious reader 
and, therefore, read all about it right upto the biblical times. Job 
therein had said, “By the great force of my disease is my skin 


the collar of my coat—my 
es are burned with heat." He 
ntrol experiments full of imagination in 


which he used fresh fruits and vegetables etc. To quote Lind : 


On the twentieth of May, 1747, I selec 
Scurvy on board the Salis 


Ў 5, mutton broth often times 
for dinner, at other times light pudding, boiled biscuit with 
Sugar etc; and for su 

currants, 


A Covered of any in his 
condition, and being deemed Pretty well, was appointed 
nurse to the rest of the sick.14 


He had experimente: 
supplements in his ex 
on Scurvy, later on. 
disease could be cure 


d with not less than six different diet 
perimental groups. He wrote a Treatise 
But no body believed that such a dreadful 
d by so simple a remedy. He found it a 
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difficult job to convince the high position holding officials to 
order to give all crews a daily drink of lemon juice. Interest- 
ingly enough, Captain James Cook got a gold medal not for 
circumnavigating the world but for protecting all his crews from 
scurvy with a daily dose of lemon juice as suggested by Dr. 
Lind. Itis only after his death that the British navy accepted 
his advice and the dreadful disease disappeared among navy crews 
led ‘Limeys’. But nobody knew how lemon juice 
er it was a vitamin deficiency disease. 
the biologists refused to believe that 
d cure diseases in the face of 


now popularly cal 
cured scurvy or wheth 
Eyen in the last century, 
intentional food factors coul 


Pasteur’s Germ Theory of Diseases. 
Let us continue with this story but with Japanese naval 


doctor named Takaki. Beriberi, another vitamin deficiency 
disease, raged badly on the spotless ships of the Japanese navy. 
It first paralysed its victims and then-killed them. Dr. Takaki 
studied this problem on the basis of some observed interesting 
facts. The villages were completely free from this disease but 
its incidence was increasing in cities. This terrible disease only 
occurred among rice eating populace. He attributed this to 
the form of rice the villagers and the city people ate. He, 
therefore, hypothesized that white polished rice lacked some- 
thing which caused this disease. He approached, in vain, the 


senior officers to test this hypothesis with an experiment which 
was, of course, very costly. In the mean time, the beriberi 
continued to kill the sailors in large numbers. The authorities 
then reclined. Dr. Kakaki suggested the following experiment : 


п опе ship eat the diet common on British 
ships, their meat, fish, vegetables, bread and canned milk. 
And let the sailors on the second ship have our standard 
ration of rice. “Ате you suggesting there is something 
wrong with our rice ?” the doctor was asked. “You must 
know we provide the Very best rice for our navy. Not the 
cheap brown rice that village people eat, but fine white rice 
that keeps well and does not rot, Oh, no, this is a foolish 


idea. 


Let the sailors o 


me historical, were used viz. Ruijo and 
276 men each, followed the same 
ber of ports and returned after 


Two ships, DOW beco. 


Tsukaba. They carried 


course, visited the same num 
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more or less the same time, The results were startling. In the 
experimental ship, only fourteen suffered from beriberi who had 
eaten rice secretly, and in the control one, twenty six sailors 
died and another 169 Cases suffered from beriberi. No body 
took him and his explanation Seriously but he succeeded like 
Dr. Lind to save many lives from beriberi. Now ‘another 
Dutch surgeon in J ava came on the scene, Beriberi there baffl- 
ed this young doctor named Christian Eijkman for he could 
not see with his own eyes the consequent human misery. Least 
expectedly, he found that whatever had been taught in medi- 
cal science relevant to the theory of disease contradicted his 
first hand experience in the East. His experience was more ог 
less ‘similar to Dr, Kakaki. Beriberi Was conspicuous by its 
er Dutch control. But it claimed 
which enjoyed first class sanitary 
the enlightened Dutch. It should 


У Mosquitoes there, suffered 
and, later on, studied under Dr. 
ime, the beriberi was raging badly 
inthe West Indies. The Dutch 


measures and Suggested 
course of time. They ret 
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villages free from beriberi ? Why cleanliness did not help much 
in reducing the incidence of this disease? It was the pursuit 
of these questions which won him nobel prize, later on. Despite 
some disbeliefs, he again started where the commission had left 
off except that the experimental material was different. He inject- 
ed some blood of the beriberi victim in some healthy hens avail- 
able easily in his prison compound. Nothing happened for some 
time. He felt extremely happy when he noticed some wobbling 
with a strange unnatural gait among those he had injected blood. 
He was disturbed badly when others uninjected hens also showed 
symptoms of wobbling. After some time, these symptoms again 
disappeared. It was a confusing experiment. Spending more 
time on the microscope did not help much. While still confus- 
ed, he found the reasons when he chatted with the official 
cook. The earlier cook was feeding white rice ; and he himself 
under strict orders Was feeding hens the dirty brown rice. 

This information helped the doctor to induce and cure this 
disease at will. The hypothesized beriberi microbe was thus of 
no significance. But still, no body believed in him for he was 
accusing the neat and highly polished rice of causing untold 
human misery. At the same time, he had to face another in- 
convenient fact disclosed to him by another doctor. In a 
isolated monestry, where monks and nuns lived 
e or less the same identical conditions, beri- 
nuns as its victims but never the monks. 
sof this nothing short ef nervous 
it turned out that the nuns being 
hen cleanliness washed their brown 
rice not only repea ubbingly until ‘it lost every 
trace of its natural coathing’. The monks, comparatively 
speaking, were quite free in this respect. He wrote his first 
paper in Dutch in 1890. For twelve years, his work remained 
unknown to the 1 тшу Medical Corps. In 1898, the 
American officers 
facts of Dr. Kakaki and 


particular 
together under тог 
beri only claimed ‘ 
Why? On further analys 
situation to Dr. Eijkman, 


quite fussy about 


n Philippines after the Spanish 


з г examples the Americans were horrified when 
WI at the Bilid prison eating eh eeu ae 
containing many impurities. They not only БЕ to white 
rice but also got the prison scrubbed spotless; Pia tee 
the appearance of beriberi. Disease gradually disappeared 


/ 
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rent ability to manufa 
their bodies, Fisher 


quickly if they ate 
rimenters had found 
fied known ingredi- 
tained carotene from 
the museum for 32 


the liver of fish. F 
that mice died when fe 
ents of milk. In Pari 


years, and fed to cert 
of Vitamin A) who 
all over the world 


For example, a ton of rice 
ut 5 grams of Vitamin B. Interesting- 
ly, Berbart McLean Evan 


The scientific Pursuit has to 
otherwise it suffers from both short- 
edness. Huma Minerals for its effective 
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ed and included calcium, phosphorus, sodium, potassium, 
chlorine, magnesium and iron. In 1882, the English physician 
Sidney Ringer found that a frog’s heart could be kept working 
outside its body by putting it їп а solution called the Ringer’s 
solution which contained sodium, potassium and calcium in 
п аз found in frog’s blood. Lastly, it was found that 
elements essential to life were : iron, zinc, copper, manganese, 
cobalt, molybdenum ; and their absence caused corresponding 
deficiency diseases. In 1896, a German biochemist found that 
the thyroid conspicuously contained iodine. Nine years later, 
David Marine hypothesized that the growth of the thyroid was 
due to the deficiency of jodine. For ten years, he experimented 
on animals and goitre patients by giving various iodine con- 
taining compounds. People protested when he suggested the 
iodination of water and table salt in those areas where goitre 
was prominent. It took him another ten years to make them 
generally acceptable. In our times, the same controversy arose 
when it came to the fluoridation of water which checked tooth 
decay. Is tooth cavity inside the mouth less important than 
disfigurement by goitre? It should not be forgotten that 
fluorine is poisonous but scientific evidence established that one 
part per million of fluorine in water was sufficient not only not 
to mottle teeth but also to prevent tooth decay later on. It 
can do the trick only during childhood when the teeth are still 


developing. To quote Issac Asimov : 

The dental profession is now convinced, on the basis of 
quarter of a century of research, that for a few pennies per 
person per year, tooth decay be reduced by about two thirds 
with a saving of, at least à billion of dollars a year in dental 
costs and a relief of pain and dental handicaps that cannot 
be measured in money. The nation’s dental and medical 
organizations, the United States Public Health Service ; and 
State Health Agencies, recommended fluoridation of public 
water supplies. And yet, in the realm of politics, fluorida- 
tion has lost a majority of battles. More than 100 com- 
munities, totalling some 22 million people, have fluoridated 
water. But a group called the National Committee Against 
Fluoridation has aroused community after community to 
write down fluoridation and even to repel it in some Іоса- 
lities where it had been adopted. 

Two chief arguments have been employed, by the opponents 
with the greatest effect. One is that fluorine compounds are 


proportio 
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compulsory medication is evil, then we have a quarrel nor 
only with the fluoridation but also with chlorination, iodin: 
ion i i i against small-pox, that are com- 


This means that Scientific 


become straightaway acceptable to the lay public. They have 
to be made emotionally Satisfying as well, The same sort of 
controversy was Spearheaded in this count 


Dalda ghee. We have yet to a 


high nutritious value asa common article of diet even among 
the affluents. Suggesting 


simple and cheap foods for healthy 
growth is a scientific Problem, but change of food habit is a 
much more complex problem," 


10. The origin of life 


Man is and has always been curious about the environment 
in which he lives, Like children, he puts all sorts of questions 
to himself and his fellow brothers. Unlike children, he does 


answers or explanations. 
as they can Бе. It hardly 
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imagination of man in the past was the origin of life on this 
earth. Despite explosion in scientific knowledge in our times, 
we still do not know positively how life originated on earth. 
Let us now relate part of this story. 

In the book of Genesis, there is a direct reference to, the act 
of supernatural creation. Plants and animals were all made by 
God. All this happened at the command of God. TIt is, 
therefore, quite possible that the formation of life was hardly 
thought of a worthwhile problem, because whatever could not 
be explained was supposed to be a sacred territory beyond the 
sphere of human reasoning. There were, however, some curi- 
ous men who by direct observation believed that frogs came 
from mud, and insects and worms from decaying matter. Here 
is an interesting recipe as sure as day light for getting a swarm 


of bees : 


Take a bullock, kill him with a knock on head, bury him 
under the ground in a standing position with his horns 
sticking out. Leave him there for a month, then saw off 
his horns, and out will fly your swarms of bees.!^ 


aturalist Ross asserted, “То question that 
s were generated in cow dung is to question 
*Does not mud of Niles pro- 


duce lot of mice’? As this general observation reported addi- 
tional cases, a general belief, which continued right upto the 
end of the middle ages, became acceptable than life a ТУЙ 
tinually from non living matter’. It is again of interest to 
mention here that Jan van Helmont, one of the very well- 
known and highly respected scientists of the seventeenth century, 
left an interesting method of making ee ита, slightly 
soiled shirts, place them on а dim, quiet comer, sprinkle with 

y one days one would have mice’. 


kernels of wheat and in twenty ор. 
It should not be forgotten that it turned out to be as sure a 


method for making mice as the demonstration of, say, proper- 
The belief was so strong in 


ti the carbon-dioxide gaS- _ t À 
El Generation that it received little challenge. 
Perhaps all of them believed in Aristotle who had said that all 
moist things possibly produce animals. It is no wonder then 

Harvey and Issac Newton and 


that Thomas Aquinas, William 


The English n 
beetles and wasp 
reason, sense and experience - 
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their 
ration. 


In 1668, Francesco Redi was the first person who challenged 
this assumption, He took several jars in which he put meat 
of different animals like Taw and cooked flesh of ox, deer, 
buffalo, lion, tiger, dog, lamb, kid, rabbit, duck, geese, swal- 
lows, sword fish, and even Snakes. He covered some of them 


with fine gauze and others, he kept open. Through a series of 
control experiments, he found th: 


other contemporaries believed in Spontaneous gene- 


the newly discovered 


self made device cal If one removed them in 


the covered jars, 
numbers. This meant that whereas 
8eneration, the 
In 1745, Need} 
of his work, s 


bes definitely did, 
Society, on the basis 
tation. His work be 


lam, a member of the Royal 


the emergence of life. Charles Bonnet 
and presumed the existence 
of germs. The contest was lively and hence free speculation 


Y people. In 1765, an other 
Italian priest, Lazzaro spallanzani (1729-99), performed an 
other experiment. This experimen: 


of Needham and Buffon but also d 
ration of microbes as well. 
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controversy. Instead, he found it a fine way to preserve soup ; 
and used this original piece of discovery to found canning in- 
dustry in France for which he got a medal from, the French 


Academy of Sciences. 


The proponents of the spontaneous generation were not 


convinced by this experiment at all. They, in fact, explained it 
away by suggesting that some sort of vital principle was invol- 
ved in it which was susceptible to destruction by too much 
heating and boiling. Thisis why that microbes did not turn 
yp in Lazzaro spallanzani's flask. The controversy generated 
heat without light on both sides. It was now the turn of Louis 
Pasteur, a great French chemist. He was advised by Biot and 
Dumas not to waste too much time on this problem for the 
inherent difficulties in the solution of this problem were too 
many and too complex. He was even advised by them to drop 
this problem. He tested several hypotheses ; and through his 
neat and clean experimentation demolished the theory of 

He also rejected the vital principle 


spontaneous generation. о t 
hypothesis as propounded earier. He again came into conflict 


with Pouchet, and Roven : his contemporaries and country- 
men. The latter collected evidence which favoured the theory 
of spontaneous generation. It is of interest to mention that 
both believed that boiling water kills all sorts of living organ- 


isms, They also believed that there is no difference in the 
al materials, namely, sugared Yeast 


choice of their experiment | / 
water and hay infusion. Pasteur believed that only the ‘pre- 
sence or absence of microorganisms in the entering air would 
affect the subsequent development of microorganisms In the 

he role of presence or ab- 


flasks whereas Ponchet considered t 
The controversy was 50 fierce 


sence of Oxygen Very critical". 
that the French Academy of Sciences even offered a prize to any 
s riddle by «well conceived experiments 


one who could solve thi 


to throw new light, ОЛ the question of spontancous generation’. 


This resulting exercise favoured Pasteur in the end in the 
sense that Pouchet and his co-workers. ceased to dog the issue 
still further. It 1s not rarely that the scientists go beyond the 
experimental finding to provide a сз ОП No answer to а highly 
baffling question on the basis of logical deduction in the context 
of the grand working hypothesis in the phraseology of J.B. 
Conant, It is then the opportunity to develop new concepts 
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and new modes of experimentation for tidying up the mess 
as clearly as possible. і 

The fundamental question still Temained : If spontaneous 
Generation Theory js wrong, then How did Life Originate on 
Earth? Let us now attempt to close this issue. It appears 
that life originated with spontaneous generation on this earth. 
Lucretius in his poem on The Nature of the Universe says : 


The name Mother was Tightly bestowed upon the earth, 


since she brought forth the human race, and gave birth at 
the appointed season to the beasts that run wild in the 
hills, and to the birds of the air in all their rich variety. 
Then, because there must be an end to such parturition, the 
earth ceased to bear, like a Woman worn out with age. 


This is not a respectable scientific 
close of the nineteenth centur 
to the other extreme by s 
Arrhenius, the discoverer 
had always existed, It som 


argument. Towards the 
Y, some theoretical thinkers went 
uggesting that life was eternal. 
of ionization, hypothesized that life 
е how travelled across space con- 
planet behind in the form of spores 
Well as random movement. It was 


and nitrogen. Even charles 
of life from inorganic Sources. 


all the conditions for the first produc- 


anism are now present which 
have been present. but if, (and oh 
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ochemist A.I. Oprian in his book : 
ith this problem exhaustively from 
In 1929, J B.S. Haldane speculated 
manner though *transposing the scene 
> Both Haldane and Oprian ‘looked 
to a long, slow accumulation in the sea of organic molecules, 
formed by a variety of geochemical processes, in a primitive 
atmosphere that virtually lacked Oxygen. The basic problem 
the chance an i 


In 1924, the Russian bi 
"The Origin of Life’ dealt w. 
a materialistic viewpoint. 
more or less in the same 
from the pond to the sea 


then is to determine d time required for such a 
possibility to occur. ^n 1951, Malvin Calvin (Investigator of 
Photosynthesis) performed an interesting experiment by passing 
his energy radiation through a mixture of water, carbon-di- 

t complex molecules. 


oxide and hydrogen. He succeeded to get col 
A little later, Stanley Miller passed a continuing electric spark 


through a mixture of ammonia, hydrogen and methane for 
about a week. Using chromatography paper technique for 
analysing the resulting products formed, he found twenty-five 
amino acids among ich there Were few which are the consti- 
tuents of proteins known to be the part of a living cell. Philip 


Aberson went a step further by using t 


mixtures of gases containing atleast the 
elements of organic € namely, carbon, hydrogen, 
ore orless the same re- 


nitrogen and oxygen- с 
sults ип. is ло i plex organic molecules. This 
suggests that chemical evolution. preceded. s 
about the time span of the chemical evolution ? pe also, X 
Secondly, itis also 

are i i ven for à rough guess. itis: 
re in a difficulty © X e a 


know anic molecules perish 80 | 
EN с of living organisms for which there is 
Even the atmos- 


few days in the presence of living Sat time 
no evidence that they did exist at t^ B ' 
рһегїс охуреп oxidizes these molecules. How to explain all 
these thin os ? The geologists have pointed out that in the 
Ae tmosphere lacked 


ү tion, the а 
early days of our earth's  formauons p 
MEE Let us stop OUT story and conclude in the words 


of George Wald : 
the view currently held is that 


organic molecules, synthesized by 
processes, accumulated in the oceans, 
P5 vast cosmic soup, in which these 

ditions We associate 


To return ) 
over vast reaches of ti 
a variety of geologia 
until the oceans еса 

molecules were preserved under the con 


112 How Children Discover Knowledge 


and higher Concentrations, and, 


3 ese would then grow at the expense 
of the others. It is thou 
perhaps at Several times, 1 


The main Point of such an 
this Strange and Tare event 
order of nature Н 
happen, given eno 
make it possible, 
if one faces this 


argument as this is to bring 
ə the origin of life; within ne 
that is, to make it an event that mus 
ugh time, wherever Conditions exist that 
What are those conditions ? I think that 
question responsibly, one must conclude 
part in either direction from 
lanet, yet not too far in either 

ll Бе compatible with life. “thar is, I think 
that for life to exi 


i How many such planets exist ? 
One cannot say with any great assurance. Yet the lowest 


visible with our most powerful 
telescope, a Conservative esti say that there 
) ch planets in the already ob- 
served universe, it is the meaning of our story 
that in all such pl i I can see no escape 
from the conclusi У of these places, in which 
sufficient time has elapsed life has occurred, and has then 
undergone an evolution much as it has done here, for 
evolution also is Part of the order of nature. This seems to 
me to be the most important Outcome of our story: Life 
has a status in the Physical universe Tt is part of the order 
of nature. It has a high place in that order since it probably 
Iepresents the most Complex | state of organization that 
matter has achieved jn Our universe. We on this planet have 
an especially proud Place as men ; for in us as men matter 


2 
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has begun to contemplate itself, and to ask such questions 
as this we have asked today.” 


11. The emergence of electron : 
Let us trace, broadly speaking, the history of experimental 


and theoretical developments which gave us some vague ideas 
of the difficulties met in formulating a fruitful model of electron 
on the basis of old and new observations made across the time 
span of several hundred centuries. And how the curious men ulti- 
mately succeeded in smashing the walls of the philosophical atoms 


postulated to be the tiniest particles composing matter including 
k for the same had been done by some 


ourselves. Background wor 
men of antiquity who had identified electrical phenomena in 
four unrelated ways. Now consider the personali- 
ties : Greek philosophers like Plato, Epicurus, Roman poet 
Lucretius, Pultarch, St. Augustine, Jerome Cardan, Gilbert, 
Niccolo Cabeo, Newton, Gray, Dufay, Coloumb, Galayani, 
Volta, Oersted, Ampere, Seebeck, F.G. Ohm and Faraday. 
Faraday discovered electromagnetic induction and laws of 
electrolysis in 1831 and 1832. This is a vast stretch of time in 
which through ridiculous hit and trial as well as disciplined 
speculation, the curious men through the ages have tried 
hard and arrive at the evasive truth. Let us now again relate 
a part of this story. 1 
It is of interest to mention that the ancients knew of elec- 
trical phenomena, for example, lightening, torpedo fish in the 
process of kill, St. Elmo’s fire and attraction by amber of small 
objects when rubbed. They did not try to interrelate them 
but considered them as four independent phenomena. Plato in 
one of his dialogues referred to the effects of rubbed amber 
and regarded them as having some mysterious relation with 
in this behaviour 


each other. The explanation offered to expla | i 
at that time was that on rubbing, amber acquired a fascina- 


tion, longing or need for the small pieces, some sort of food- 


stuffs for it. Epicurus, Lucretius, and Pultarch imagined that 
1 n because it emits strong exhalations as a 


a iro : 
PES А" surrounding air pushes the iron piece to 
the magnet. Pultarch further attributed to amber effect a 
flameous and spiritous nature. He was careful to note that 
whereas magnet attracts iron, rubbed amber attracts all sorts of 


8 (45-55/1972) 
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Small pieces. The description of these interesting sete 
appeared in The City of God of St. Augustine in 428. He as | 
ed his audience to distinguish carefully between verifiable an 
unverifiable knowledge. A magnet attracts iron but does p 
attract straw. The reason is not known. Then he adds, ү 
such phenomena were inexplicable, he asked, why should it : 9 
demanded of man that Һе explain miracles by human reason’ : 
It was a distinguishing feature of medieval schools as well as 
scholars that they encouraged ‘strong respect for law, willing- 
ness to think in general terms, habits of orderly thought, and 
a feeling for the existence of order in religious matters, if not 
secular’, J. Cardan in 1550 summarized the evidence of his 
predecessors and concluded that Magnet and amber do not 
attract in the same manner. Secondly, a rubbed amber emits 
a ‘fatty and glutinous humour’ which on absorption by the 
small pieces of different materials attracts them towards itself. 
William Gilbert (1544-1603) made several observations 
(especially with his self-designed electroscope) and gave 5 
serious thought to explain the interesting observations. Scienti- 
fic methodology, for the first time, thus arose out of his own 
extensive experimentation. He read past knowledge ayailable 
on this subject and came to the conclusion that the whole crowd 
of past philosophers, practically speaking, has contributed noth- 
ing to the study of this subject. Then he described his ехреп- 
mentation. First, he found that there were other substances 
like diamonds, sapphire, carbuncle, iris gem, opal, beryl, rock 
crystal, sulphur, hard sealing wax, and hard resin which be- 


have like amber in varying degrees. He called them electrics. 
Further, they attracted 


water and oil. 


any fatty humour as attributed by 
Instead, he proposed another term : elec- 
tion at a distance Was not known at that 
tadicted Pultarch that air is at all involved 
in the attraction business. He saw repulsion but did not ob- 


Serve it. He, therefore, failed to discover this phenomenon. 
The same is true of electrical conduction because it was exclu- 
ded of any consideration 


for he had firm belief in the ability of 
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an object to ‘suppress the effluvian at its very start when it 

touches the charged electric. It should be remembered that a 

given hypothesis is double edged. It can suggest new experi- 
ments as well inhibit new ones.  Cumulatively, they suggest a 
series of fruitful experiments which lead to the development of 

broad hypothesis constituting, later on; the conceptual schemes 

' of the resulting body of scientific knowledge. It was not easy 
to experiment in these days because experimentation was 

considered beneath the dignity of scholars. Optical illusion was 

considered far more important than grinding lenses and cons- 
tructing optical devices like telescopes, microscopes and specta- 
cles. Gilbert and a few others thus heralded new experimental 

philosophy by closing in the gap between the scholar and the 

experimenter (including worker), synthesizing in the process, 

logic and philosophy for the fruitful solution of scientific prob- 

lems. 

Niccolo Cabeo, in turn, added afew more substances to 
the list of electrics already developed by Gilbert. He observed 
repulsion and like Pultarch, believed that electric on rubbing 
emits effluvium which drives the surrounding air. He did not 
believe in electrical repulsion as such but attributed the same 
as ‘merely the mechanical rebounding of a light object upon 
colliding with a heavy one’. His hypothesis led to another 
deduction, namely, that no repulsion would occur in a vacuum. 
Practically, it was very difficult to test this deduction. The 
Florentine academicians instead discovered mutual electrical 
attraction in vacuum by suspending a place of electrified amber 
in the form of a pendulum and bringing near ita small object. 
No one gave a thought to this new observation. In 1675, 
Boyle again attacked this problem and showed that attraction 
occurs in vacuum as well. He insisted that electrified electric 
emitted some kind of atoms or particles. It was in the same 
year that the French Academy of Science had announced the 
production of barometric light. Scientists at that time attri- 
buted this optical phenomena to sulphur or phosporus. Francis 
Hauksbee, on reading an account of this problem, became 
it. He studied it in close details and showed that 
phosphorus or sulphur had nothing to do with this mysterious 
On the other hand, the glass tube became charged 


henomena. : inside i 
ts to rubbing by the sloshing of mercury inside it. He then 


curious about 


БЕ 
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questioned himself to find out any other substances which 
could produce flashes of light when rubbed in partial vacuum. 
He found that rubbing was a must in the production of light ; 
and substances could be used to produce bright light for Tead- 

ing, say, a bookor a newspaper at night. Through his So 
tensive experimentation, he found that light is produce 
in an unrubbed glass globe when another glass globe 
in its neighbourhood is being electrified. The shape of the 
globe has nothing to do with it because the light flashed суеп 
іп an evacuated glass tube. He thus nearly discovered electrifi- 
cation by influence which he described for the first time. But 
he struck to the Effluvium hypothesis. He thus missed another 
explanation for this new phenomenon. It is also not known 
how he explained both attraction and repulsion with his notion 
of Effluvia. But he linked two effects, namely, amber and 
barometric. He discovered other effects which he could not 
explain satisfactorily with the help of the prevailing notions of 
his days. To quote Francis Hauksbee : 


| 
Now how for his experiment may serve to explain the 

nature of electricity, magnetism or gravitation of bodies is 
beyond my sphere to determine, but with all humility, 1 
submit to these learned 


gentlemen of this honourable society 
who have treated on these subjects.1e 


1736) hypothesized that an 
object gets electrified when ittouches an electrified body. He 
ctrification could be transfer- 
dy in the absence of any physi- 
red electrification by influence 
ia played little role. He also 
Its of our body are good con- 
In collaboration with Godfrey and 
Granville Wheeler, he succeeded to transmit electricity along a 
It is of interest to mention here that he used 
glass tubes and canes rather than electric generators. Secondly, 
the phenomenon of electrica] conduction was discovered with 
the help of poor conductors which behaved like good con- 


ductors in a humid atmosphere. Thirdly, he succeeded in 
arriving at the correct limited hypothesis by deducing it from a 
Wrong broad hypothesis, that is, the flow of electric virtue is 
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restricted by the fineness of the carrying cord rather than the 
material of which the cord is made. On later experimentation, 
he corrected this error. 

Influenced by the work of Gray and Hauksbee, Dufay 
(1698-1739) also carried out intensive experimentation in 
France. He found that it is possible to electrify several sub- 
stances if they are heated first before they are rubbed with any 
sort of cloth. He also studied electrification by influence and 
found that the poor electrics exhibit comparatively speaking 
more electrification than the good electrics when an electrified 
glass rod or any other electrical is brought near them. He 
also succeeded to transmit electricity over a 1256 ft. long wire. 
He further postulated that there are two kinds of electrifica- 
tions in order to explain unexpected results. He speculated 
over the nature of matter and electricity. For explaining the 
phenomenon of electrical repulsion, he attributed a self repulsive 
property to the effluviums. Demand for popular lectures on 
electrical phenomenon increased in Germany. The German 
scientists, therefore, began to take keen interest in this pheno- 
menon. They not only built their own electric generators but 
also devised original experiments. C.A. Hausen in 1743 desig- 
ned his own generator and passed sparks between his fingers 
and body. G.B. Bose set up an ingenious experiment in which 
it was difficult to kiss the hands of a pretty lady. He produced 
flashes of light in partially evacuated vessels which ‘flowed, and 
turned, and wandered and flasked’ like the familiar Northern 
lights. There was a belief in those days that the electric charge 
does evaporate. He devised a condenser which was nothing 
but a bottle with a nail in which any liquid could be used as 
the variable. He found that electric shock is a terrible experi- 
ence which ‘stuns arms and shoulders’. Не drew sparks from 
this condenser. On the basis of these observations, he hypo- 
thesized that there was animal electricity in the body. In 1746, 
Musschenbrock contradicted him on his notion of animal 
electricity by showing that human body was a conductor of 
electricity. He drew sparks from the condenser on the table. 
This condenser, is now well-known as Leyden Jar. 

During “experimentation, scientists consider several pretty 
mental models before they finally choose one likely to be quite 
profitable. Benjamin Franklin (1706-1790) was one such great 


118 How Children Discover Knowledge 
man of science who along with his son collected electricity from 
the lightning clouds through his world known Kite feat. He 
initiated new experimentation in electrical phenomenon. Being 
ignorant of Dufay’s work, he dev 


the new phenomena and firm] 
With its help, 


eloped his own concepts for 
y believed in one fluid theory. 
he not only explained the working of the Leyden 
Jar but also developed mathematical terminology suggesting, 
in the process, the possibility of measurement of electricity. He 
further hypothesized that the amount of electricity in an in- 
sulated body remains constant. It was a clear cut statement 
on the conservation of electric charge, that is, electricity can- 


further showed that electrical 


ion, being conducted by metals, crack or noise in exploding, 
subsisting in water or ice, electr 


ifies bodies it passes through, 
destroying animals, melting metals, firing inflammable sub- 
stances, and sulfurous smell’, He further found that electrical 
fluid is attracted by points. 
sized that lighting should 


then ten years later, Fran U. 
theory by suggesting that ‘particles of ordinary matter 
attract each other’. David Bernoulli proved inverse 
square law which received support by Priestley, a few years 
mined experimentally his famous 
laws of electrostatic forces, 

In 1791, Galvani accidentally found that the muscles of the 
frog’s legs would twitch w 
metals as well as when Spar 
fell on them. He attribute 
city because he thought that animal tissue was necessary for 
the flow of electricity. Ip 1800, Volta contradicted Galvani 
on the existence of anim 


t i Paper or cloth, weak 
acids and Piles of metal dises. In 1801, Storage cells, that is, 
reversible voltaic cells were also invented. This led to the dis- 


‚ (1869), Goldstein 
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covery of the heating effect of electric current. In 1802, arc 
light was built for the first time. In 1819, Oersted found that 
a magnetic field surrounds tbe electric wire carrying current. In 
1820, Ampere, Biot and Savart determined quantitatively forces 
acting on a current carrying wire. In 1821, Seebeck discovered 
the thermoelectric effect. In 1827, G.R. Ohm discovered his 
famous law. In 1882, Faraday stated the laws of electrolysis. 
He hypothesized that his results could be understood only in 
terms of a ‘granular or atomic model of electricity’. At about 


the same time, he had also discovered electromagnetic in- 


duction. 
Let us now refer to the cathode rays. At about the beginn- 


ing of the eighteenth century, it had been wellknown that 
Sparks would jump longer in partial vacuum thanin air at 
normal pressure. In 1748, Watson produced ‘arch of lamebent 
flame’ in a glass tube of rarified air. In 1838, Faraday pro- 
duced a long column of purple glow extending from ano de to 
nearby cathode in à glass tube containing air at low pressure. 
He also observed some dark space, now called Faraday dark 
space. In 1855, Geissler invented a vacuum pump which could 
roduce very low pressures. Plucker (1858), his pupil Hittorf 
(1871 onwards) and William Crookes (1879) 
investigated the various properties of the cathode rays. Con- 
troversy arose over their nature. Crookes imagined them as a 
‘torrent of molecules’ which acquired negative charge when 
they struck against cathode. . He showed that his model 
accounted for all the observable characteristics of cathode rays: 
straight line motion, right angle (to the cathode) emission, 
curved by magnetic fields, fluorescence inducing and conveying 
of energy as well as momentum. In 1880, Р.С. Tait hypothe- 
sized that the light emitted by these fast moving molecules 
should show Doppler Effect as judged by the shift in spectral 
lines. No significant shifts were observed which meant that 
light originated from those molecules which were not after all 
moving at high speed. Wiedemann, Goldstein and Hertz in 
Germany had a close look at the same properties of. cathode 
rays. In turn, they suggested that these rays could be some 
unusual sort of electromagnetic radiation. , They compared 
very carefully the properties of cathode rays with that of light. 
The latter showed only two exceptions, namely, it was not 


120 How Children Discover Knowledge 


emitting surface; and it NUES 
able magnetic fields at that time. 
knew clearly whether Maxwell's 
ection of electromagnetic waves. 
‚ two Contradictory models were available 
the known properties of cathode 
roversy which initiated brilliant 
this thorny issue either way. Let 

experimentation and the ensuing 
argumentation. 


Goldstein took a tube 


90 cm long and obtained pressure 
equivalent to one hundred 


thousandth of the normal air pres- 
Sure. He observed a sharp patch of fluorescence at the other 
end of the tube, € then reasoned out that it should not 
have been so if Crooke 


atically was about 6 mms, but the dark 


Space was found as long as 6 cms. Secondly, the cathode rays 


e mathematical probability was 
nt, he also did not observe 


| arge to mass ratio for thes? 
rays by bending the : О with the help 
of strong magnetic fields. Thus both agreed and disagreed 


d platinum. On the basis of his 
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/ 
own extensive experimentation, 


magnetic model. To quote Hertz : 


he supported the electro- 


The electrostatic and electromagnetic properties of the 
cathode rays are either nil or very feeble.....- These cathode 
rays are electrically indifferent, and amongst known agents 
the phenomenon most nearby allied to them is light. The 
rotation of the plane of polarization of light is the nearest 


analog to the bending of cathode rays by a magnet.!* 


His student Philip Lenard went a step further by bringing 
the cathode rays right into the open air by making them pass 
through the thin layers of aluminium foil of :00265 cm. 
thickness. He considered it a sufficient thick wall for the 
cathode rays. But the cathode rays travelled for about a 
centimetre in the open air. He then hypothesized that cathode 
rays by their this behaviour cannot be particles but electro- 
magnetic waves. J.J. Thomson in 1894 attempted to measure 
the velocity of these cathode rays which was two hundred 
thousand metres per second. He, therefore, doubted the wave 
model. In 1895, Jean Ferrin set up an experiment to detect 
the electric charge carried by these rays and he succeeded. In 
1897, Thomson, on the basis of Lenard’s data, hypothesized 
that the cathode rays traversed through the thin tinfoil because 
they were composed of subatomic particles. The collective 
evidence of Perrin and Thomson favoured the particle model 
and led to its general acceptance. 

Pieter Zeeman in 1896, tested Hertz’s hypothesis that the 
light waves, electromagnetic in character, were emitted by the 
hypothetical oscillators associated with molecules or atoms. He 
wanted to see the influence of the magnetic field on the wave- 
length of the light emitted by these alleged oscillators. He did not 
find any unusual effect. But he drew inspiration from Faraday 
who had, forty or fifty years age, planned a similar experiment 
and failed to detect anything. He, therefore, thought it worth- 
while to put in a little extra effort in the face of initial failure. 
He thus experimentally detected the broadening of spectral 
lines which was of the order of 0.15 Aungstrom. Under the 
influence of а sensitive microscope, it turned out not be broad- 

of the central spectral line. on either ends. 


ening but splitting 2 | 
H AL Lorentz suggested a particle model which led to the pos- 
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nside the atom. Larmor went 
rroneously the number of elec- 
h count he roughly put at 1000 
ofthem. From 1897 onwards, general speculation in the 


in regard to the structure 


athode rays, Lenard rays, 
incandescent metals, beta rays 
ut also used different methods 
genetic fields, energy from heating 
m accelerating potential, velocity 
» energy from retardation in elec- 


Os. These values differed by a 
rted the identity of all the parti- 
The evidence therefore converged 
the constituents of atom. 

Knoard Rontgen discovered X-rays 
sed by Goldstein, Thomson and even 


rays. He also did not find апу Noticeable — refraction. 
He also found that 


ultraviolet rays. He, the 
unusual sort of electroma i 
character. Later on, it Was found that X-rays had, compa- 
ratively speaking, less Wavelength than light waves. Shortly 
after the discovery of X-rays, Sir Oliver lodge hinted at the 
possibility that part of the results of Lenard could be due to 
the production of X-rays When cathode Tays struck against the 
thin tinfoil windows, To quote Andrade at the time of 
Lenard’s death in 1947. 


‘trons. 
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to the rays. He took as a personal affro i 

nt an = 
quate acknowledgement of his work and was MED 
of any generosity or even justice towards any one who 
in his opinion, failed to appreciate any part of his service 


to science.!5 


It is of interest to mention how research on cathode rays 
turned round an unexpected corner and led to new discove- 
ries : X-rays, radio-activity (Becquerel) and canal rays (Gold- 
stein). 

Let us now review the nature of electricity within the last 
two decades of the nineteenth century. Current of electricity 
was regarded only a flow of ether (Arthur Schuster) Max 
Planck also did not believe in electron hypothesis. Wiechart 
regarded electricity as an imaginary entity existing in thought 
rather than in fact. Lord Kelvin thought of electricity as a 
continuous fluid. Even J.J. Thomson was not taken seriously 
when he suggested that cathode ray particles were perhaps the 
possible constituent of atoms. As early as 1831, Faraday 
had suggested the possibility of granular structure as working 
model of electricity for consideration warranting additional 
experimentation. In 1874, G. Johnstone Stoney, on the basis 
of Faraday’s work on electrolysis, seriously proposed the 
atomic theory of electricity. He even estimated the value of 
charge on such particles. Considering the difficulties, both 
conceptual and experimental involved at that time, his value 

e currently accepted value. 


turned out be one sixteenth of th 
His address to the British Association for the Advancement of 
science was not published in full for another seven years. He 


received support from Helmholtz who re-emphasized there to 
consider seriously the tentative hypothesis of Faraday. 

Thomson and his students used X-rays to determine elec- 

tric charge on this hypothetical particle, Townsend (1897), 

Wilson (1903), Perrin (1908 to 1910) 


Thomson (1897), H.A. 
lectric charge through a 


and others attempted to measure € 
variety of methods. Avogadro's number was determined, for 


example, by fourteen different methods. This facilitated deter- 
mination of masses and charges of individual ions and elec- 
It is of significance to note here that in these measure- 


ments: а large number of electrons were involved. It was 
; 


r 
therefore, still an open all ions in electrolysis 


question whether 
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carry the same charge, It was definitely an ЫКЫ 
able problem to tackle. The American physicist R.A. Milli a f 
did it with the help of his famous oil drop apparatus. It is F 
interest to mention here that he experimentally found differen 

values of ʻe’ for different drops. Even the reduction in i 
pressure inside the apparatus increased the apparent value О 

€. He did not trust his experimental data and instead had a 
g00d look at the relevance of assumptions underlying Stoke's 
Law. This exercise resulted in the very modification of Stoke’s 


Law which he had used in his earlier calculations. His experi- 
ment did not answer the basic 


Ehrenhaft obtained differing values 
icle. He even doubted Millikan's 


Mattauch (1925) In 1930, A. H. 
Compton showed that it is quite possible to have a highly 


of X-rays. In 1930-31, J.A. 


igh side. He did not believe m 
Perimentation. In the meantime, values of ‘e 


obtained from other methods, were found very close to the one 
obtained by Bearden 


- This led Shiba of Tokyo in 1932 to 
Suggest that the trouble 


or the ground of conflict lay in value 
ОЁ viscosity used by Millikan 


Shiba. He found his new value on the high side by about. 
007 x 10-4 CGS units. 


- In 1937, Houston made a still more 
precise measurement of th, 


error made in it about t 
Majumdar and Vajifdar į 


10-10), Lastly Dumm 
work obtained e=4.80286 Æ.00009x 10-10 esa. | Why! this 
hard to measure 
Tecisely as possible 
in theoretical physics. 
nstants are the velocity of light, mass of 


Proton and electron, magnetic dipole moment of the neutron, 


Science as Past Adventure 125 


charge on the electron and the mass of atoms like hydrogen 


and oxygen. 
This is not the end of the story. Rutherford posed 


questions about the structure of the nucleus as well as the 
motions of electrons around it which are somehow linked with 
the ‘optical, electrical, magnetic, chemical and technical proper- 
ties of atoms’. Answers to these questions began to be found 
out. It is now possible to calculate physical and chemical pro- 
perties of matter with the help of the atomic physical theory 
thus making the science of experimental chemistry superfluous 
(Rice and Teller). In 1937, G.P. Thomson and Davisson shared 
a nobel prize for demonstrating diffraction effects of electrons. 
In their hands, electrons were accelerated to investigate crystal 
structure. Electron is no longer considered a particle having 
only mass and charge. Pauli, Goudsmit and Uhlenbeck 
attributed to it the properties of momentum: angular and 
magnetic. Electron was after all not а simple particle but it 
was a complex stranger to comprehend. From 1928 onwards, 
P.A.M. Dirac gave а brilliant description regarding the be- 
haviour of electrons. But it suffered from a dangerous flaw. 
It rang the death knell of matter that is destroying everybody 
in the process. Attempts Were, therefore, made to save the theory 

gly the possibility of positions as 


of Dirac by suggesting grudgin, Я 
‘Holes in an unobservable hypothetical sea of negative elec- 


trons’, To quote Dirac : 

It was not immediately obvious to me, however, as to just 

what the detailed mechanism Was. Did the positrons some- 

how acquire the positive charge from the nucleus ? The 
idea that they were СГ d out of the radiation itself did 
not occur to me + ne, and it was not until several 
months later when Blackett and Occhialini suggested he 
pair creation hypothesis in their paper published, in the 
spring of 1933, in which they reported their beautiful ex- 
periments on cosmic rays using the first cloud chamber con- 
trolled by Geiger counters. 
Anderson discovered them by chance experimentally when 
he was investigating something else: the 'energy spectrum of 
the secondary electrons produced in the atmosphere and other 
materials by the incoming cosmic radiations’. Let us stop the 


story hereafter having first predicted and then verified posi- 
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tron, that is, the electron’s cousin. What does the nature of 
pursuit in the Emergence of Electron as we know it today tell ? 
There is a vast difference in science as we find it ina text- 
book; and the science Which is in th 


a given un- 


more respectable than no 
does give some 


on the basis of Window Tapping ; an 


undesirable at allin Scien 
the Possible. It is like sh 


; : \ © two (whether inside 
or outside) quite difficult. ippi 

constitute the marvello 
The Making. isi 


е 1 1 the vaulted nave, 
labour of Benerations of architects 29 ап Ystery. The 
forgotten, тһе Scaffolding Ч 

since been removed, their mistakes hay, Ci toil has long 
have become hidden by the di centuri 
perfection of the completed Whole, we are 
some superhuman agency. But sometimes imp. 
an edifice that is still partly Under conss © 
sound of hammers, the Teck of hae uction ; then the 


» the trivial jests 
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ырш from workman to workman, enable us to realize 
that these great structures are but the result of giving ordi- 
nary human effort a direction and a purpose.!9 


12. The Work of Humphry Davy 
(Dec. 17, 1778—May 28, 1829) 


During his childhood, he was not very serious about his 
school studies. Instead, he spent most of his time in observ- 
ing, collecting, fishing, listening to stories, predicting and 
speculating in his own child-like manner. He drew one of the 
most ambitious plans for his futuristic Self Education which 
included religion, geography, my profession (botany, pharmacy, 
nosology, anatomy, chemistry and surgery), logic, seven-langu- 


ages (English, French, Latin, Greek, Italian, Spanish and 
Hebrew), physics, mechanics, rhetoric, history, chronology and 
he carried out chemical 


mathematics. At Dr. Tonkin’s place, 
experiments, with danger to self and others, assisted by his 


sister who quite frequently complained of ‘ravages committed 
on her dress by corrosive substances’. In 1798, he dared to 
attack Prof. Lathom Mitchell’s Theory of Cantagion by show- 
ing that nitrous gas did not spread disease when inhaled by 
animals or when exposed to wounds. He thus came into the 
Notice of Dr. Thomas Beddoes who was about to establish a 
Pneumatic Institution in Bristol with the object of combining 
chemistry and medicine. Thus he became the first superinten- 
dent of the newly established institute. This institute, aimed 
to ameliorate human suffering, wholeheartedly, welcomed 
those patients who had been declared incurable or hopeless by 


their medical doctors. The research treatment consisted in 
of the then known gases like 


inhaling varying proportions | 
Oxygen, hydrogen, nitrogen carbon monoxide and nitrous 
patients got cured some- 


Oxide. Interestingly enough, тапу 
Was ы It was a short lived 


times even without inhaling any gas but air. 
e because under controlled condi- 
In his earlier 


y encouraging. 
d more of admiration and less 
ds of Dr. Beddoes who edi- 
Physical and 
he West of 


tions, the results Wer 
Work and speculation, 
Of critical examination at 
ted and published his wor 
Medica] Knowledge Principally 


he receive 


the һап ) 
k in «Contributions to 


Drawn From t 
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England’. This hasty publication was badly criticized by the 


ions 
Prominent British scientists for they showed that conclusion 
had not really followed from the mai 


In July 1880, he wrote a six hundred 
ches: Chemical and Phj 


Ppear in medical field but in 


at all follow up the 
itrous oxide gas fo 


Having already inhaled for Nearly a minute three 
hydrocarbonate mingled With Nearly two quarts of atmos- 
Pheric air, jt Produced a Slight giddi i 

the head, and 

my pulse was rendered much quicker and feebler 
effects, however, Went off inf 

return Of giddiness, 


Emboldened by this trial 


Fi I Tesolved to breathe pure 
hydrocarbonate, Or this pur introduced into a silk 
bag four quarts 


s У pure, Which was carefull 
produced from the decomposition Of Water b 3 x 
hour before, ang had a 


Y charcoal an 

Strong disagreeable smell. 
My friend, Mr. James Tobin, jr. bein Tesent, after a 
forced exhausting my lungs, the HORE. Bene accurately 
closed, I made inspirations an €Xpirations of the 
hydrocarbonate. € first inspiration Produced a sort of 
numbness and Joss of fi eling in the c| est, and about the 
pectrol muscles, | After the Secon, inspirati 
power of Perceiving externa] things, and had no distinct 
sensation, except д terrible орргеѕѕіоп Оп the chest. During 
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the third expiration, this feeling disappeared, I seemed sink- 
ing into annihilation, and had just power enough to drop 
the mouth-piece from my unclosed lips. 


A short interval must have passed, during which I respired 
common air, before the objects around me were distin- 
guishable. On recollecting myself, I faintly articulated, Ч 
do not think I shall die’. Putting my finger on the wrist, 
I found my pulse threadlike, and beating with excessive 
quickness. In less than a minute, I was able to walk, and 
the painful oppression on the chest directed me to the open 
air. 

nt that William Nicholson had 
to hydrogen and oxygen by 
Jated because this discovery 


On April 30, 1800, he lear 
Successfully decomposed water in 
using a Voltaic pile. He was © 
would give him inexhaustible supply of hydrogen and Oxygen. 
Strangely enough, he was quite ignorant of the Voltaic pile 
ош it and discovered facts 


itself. Soon enough, he learnt ab t 
about electrolysis. For example, he failed to decompose chemi- 


cally purified water. Within а short time, he published six 
Papers on electrolysis. Right at the commencement of this ех- 
Perimentation, his brain wave suspected an ‘interchangeability 
between chemical and electrical energy. On inadequate evi- 
dence, he asserted boldly that chemical effect and electrical effect 
Were interconnected. This work brought him under the eye of 
the Royal society in London which he joined at the age of 22 
Years, There Count Rumford found him quite repulsive at the 
first instance and refused to let him speak in the main theatre 
until he had shown his effectiveness in the small [сүф 
His first lecture there was a great success Which earned him 


; v fs 
i rer), reputation and publicity. 
promotion (he became a lecture ШЫР later on, on the Chemical 


Was asked to deliver another lecture, | 3 
AMA OR ане of Tanning’. In his lectures, he apt 
lated inquiry rather than provided factual PUER PUE 
Stated that science could conquer human suffering to if m ect 
able extent: ‘we look for a time that we nite renee "He 
for a bright day of which we ae SE: 1802 he became 
Continued his studies in electrochemistry- ү КАП penne 
à fellow of the Royal Society. He also Ui Galvinic Fluid at 
French Academy for the best experiment o “He also fiercely 
à time when England and France were at war, Н 


9 (45-55/1972) 
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It won't be out of place to talk in Passing about the safety 
lamp. The Watt’s Steam Engine enabled miners to dig deep 
and deeper mines, T 


his led to explosions which killed several 
miners every year, It was a 


Breat human misery, of course, 
avoidable, if something could be done to the highly combustible 
gas: Fire Damp. John Buddle, an expert in coal mining, had 
already suggested for the Scientific solution of this problem by 
scientific minds. In this терага, the Royal Societ 
lutions to contr 


à remedy, if applied, 
Naturally, the choice 
cience, Davy, He studied the problem and 


ties. As usually h 
here as well. Geo 


by Stephenson, р 


аї Stephenson’s safi 


ly reacted by 
el 


amp was not in fact safe 


£ Words which Madame Curie 
later in the next Century : 


I never thought of Such a thing: 
sane the tes ofh ave succeeded, I am 
amply rewar atifyin i ing’ 

SOvee 5.4 More w alth cou ое 
my happiness, 

horses to m 


у 
it said that Sir Humph 


St discovery of a scienti 
several answers. Tt iş ga; 
known Swedish Che 
covery was Karl Wij 


” N 
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a book binder named Michael Faraday who turned out to be 
more than a mere bottle washer ; and ultimately chaired the 
Royal Society. On March 5, 1823, Dr. Paris chided Faraday 
for using dirty test tubes in his experiments with chlorine and 
chloral hydrate in closed tubes. Faraday agreed with his 
judgement, felt sorry and filed off the sealed ends. A jolly good 
explosion took place! The dirty oily matter immediately dis- 
appeared. It was a big discovery: liquid of chlorine under 
unexpected circumstances. On learning this, Davy came to see 
Michael Faraday's experiment. Now Davy and Faraday tried 
the same technique on several gases successfully. To Faraday's 
great surprise, Davy presented the final report in a manner as 
if Faraday had been simply a helper in this whole episode. For 
reasons, best known to himself, Davy also actively opposed the 
membership of Faraday to the Royal Society. Personal rela- 
tions between them which were already strained still worsened 
further. Let us come back now to the safety lamp. The 
deaths in mine, as already postulated, did not go down. There 
were several reasons. Deeper and deeper mines were dug with 
the assistance of safety lamp. The miners found security in 
the safety lamp and hence became careless. Possibly, the flame 
escaped when the gauze of the lamp became extremely red hot 
to cause explosion. Naturally, the British Government set up 
an inquiry committee comprising members of the Parliament to 
report on safety lamp. Perhaps the question posed was a bit 
loaded ; ‘was it possible that the device would be dangerous 
under certain conditions ?' Although loyal to Davy, he had to 
tell the truth which made Davy quite furious. Both hammered 
their laboratory with fascinating question passionately, per- 


sistently, truthfully, reflectively and successfully as well." 


13. George Westinghouse 
(Oct. 6, 1846—March 12, 1914) 


refer to a person who was neither a mathe- 
tist, nor а technologist. He was an inventor 
only mechanical aptitudes and manual 
hristian name of his father for he too 
physically. Out of affection, grandson 
Let us talk of the middle George 


Letus now 
matician, a scien 
who inherited not 
dexterity but also € 
closely resembled him 
was also named George. 
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who suffered from serious tantrums during childhood. If he 
needed a thing, he demanded it—And he got it. If he did not 

i either against floor or wall until 
got into serious trouble with 


gs which developed his 
and, in short, having close 
The school teachers complain- 
intelligent but did not apply 
ubjects. His failure at school 
His father’s Shop fascinated him 
© self-learning for him lay there 


looks at the beauties of nature. 
ed of his poor progress. He was 
his mind to the various school s 
seriously worried his parents, 

for the multisensory approach t 


by him a 
couple of minutes ago, He again protested by Saying Why this 
Discrimination ? He had to yield and do the job Like the 
stupid chimpanzee, he Surve: ў 


It was a job very wel] done. His ik А 
being careless at the Shop bec; i a а badly for 
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of his son; Не exclaimed : 


though you are my own flesh and blood, I do not 


George, 
what to make of you ? 


think I will ever quite know 


This achievement fired his imagination in the use of 


steam engine and steam power. To his utter dissatisfaction, 


he found current steam engines wasteful and inefficient in 
many ways. He now lived in a world in which pressure, tem- 
perature and control valves were more important than anything 
else. On his return from military servic, he helped a rail carriage ` 
put on the crack. In his view, it was one of the clumbsiest jobs 
ever done. Why do not they think of doing something else ? 
Then he told his father clearly that he wanted to be- 
His father retorted back by saying that 
most of the time inventors starve in their lives. He further 
disclosed that he wanted to invent a car replacer about which 
his father knew the least. His father talked of supporting his 
college education which offer his son accepted half heartedly. 
He readily found that the college was not made for him. In 
the meantime, his application for patent on rotary engine was 
accepted. He was full of wild enthusiasm for earlier he had 
failed as a son, school boy, army recruit and so on, Enthusias- 
tically; he began to work on his car replacer which was a 
success as the design turned out to be quite simple. His con- 

ed; and helearned from 


tacts with railway officials increas c 
Towne, particularly speaking, about other problems facing 


them in general. One of them, specifically speaking, was the 
inefficient application of brakes. Hand braking, then applied, 
was so crude and efficient. George gave a thought to this 
Problem and after some time discussed the tentative proposal 
(chain type) with Towne which turned out to be the same as 
submitted by Milwaukee man earlier. This frustrated George 
and he tried his best to hide his feelings. He did not lose 
heart. He now tried steam but unsuccessfully because it was 
difficult to eliminate temperature and even condensation. Then 
in his utter frustration and exasperation. he received inspira- 
tion from an article in the Living Age which | suggested him to 
use Air ‘which when free exercises an expansion force equal to 
six atmospheres’. If true, this will eliminate dual problems of 


come an inventor. 
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condensation, and using steam engines as well. All laughed 
when he talked of his invention to friends and officials. It was 
more absurd than the first Suggested use of parachute in war. 
The result was that nobody offered him facilities for a try out. 
Even Towne did not help. He had now changed his venue of 
work for business reasons. There a friend named Bragglcy 
was fascinated by this air breakes idea, He offered to invest 
his savings into this Promising device as he put it. Again 
there was no immediate offer of a try out. But it did come. 
The superintendent Card was too much impressed by this 
efficient device which in fact he did not hope to see in his life 
time : a glass of water placed on the floor о 
stayed undisturbed on the application of air 
the brakes behaved very efficient] 
and steep gradients. Still, 

traffic signalling was chaotic, is problem, 
in which he was least interested Successfully, 

George was fundamentally an adventurous man. 
tively touched problems, solved them with or 
tance, whatever may be the cost of 
how he got interested in the commerc 
He read a bit about geology while he was on a short visit to 
New York. At a cost of 5000 dollars to self, he Tequested one 
of the experts to dig a test hole in his compound, He thought 
at one time that whole of the adventure Was! lost, One early 
morning, the gas well exploded. How to cap the Eas well 
became a serious problem? He tried а heavy Wooden plank 
which broke into pieces, and a hundred Pound stone 
a balloon. He made arrangement for testing the properties 
of this gas. Then the idea of Stop Cock апа Escape Ж 
him which made feasible to Pipe the Баз to t БИДИН 
in the face of serious opposition. In this field One, he 
had thirty-eight patents to his an Then he turned his 
talent to electricity. Alva Haves ak did not Make ag 

h headway as expected because it was coming dificult ba 

А hese lamps with D.C. He read about transformer Di 

power developed by Gaulard and Gibbs, © purchased 
pamphlet as t of 50,000 dollars ; and shortly ats 

is patent at a cos Bs Р д Iterwards 

this zu it beyond recognition by replacing discs with Wires, 

i is he had been assisted by one of the youn 


Yat high speeds, [ow speeds 


He intui- 
Without assis- 
experimentation, Some 
ial exploitation of gas. 


Б engineer, 


* 
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named Stanley. On grounds of health, he expressed his desire 
to leave for his home place George respected as well as 
supported talent generously. At full expense, a laboratory for 
him was set up at his home place where he was again to be 
assisted by a junior engineer named Belfield. George went to 
the extent of importing a dynamo from England for Stanley 
despite there being no .budgetary provision for the same. It 
was no wonder then that Stanley, supported intellectually, 
emotionally and financially by George with the sense of history, 
succeeded to set up. a full scale generating plant which fed 
400 incandescent lamps four miles away. George, like Davy 
announced that the age of electricity had dawned for the bene- 
fit of mankind. George did not stop at this. He now wanted 
ajolly good alternating current motor to be designed by an 
inventor who could announce its price as well. Here again he 
came across a_ highly educated and gifted engineer named 
Nikola Tesia who had worked on Polyphase Alternating 
Current system which eliminated commutator, brushes and other 
unnecessary connections to make armature spin freely. Like 
George in his early years, he was a person who had no money 
ќо finance his most potential patent. He had worked with 
Edison, and told George that Edison could not, despite his 
many efforts, grasp the full significance of this motor. Secondly, 
Edison registered Tesla's patent in his company's name, and 
the latter received nothing. George knew about these mal- 
practices and bought his forty patents at the cost of one mlllion 
dollars plus handsome royalty. Nikola Tesla did not believe 
this offer and considered it a heavenly gift. High voltage at the 
hands of George also resulted in the development of electric 
chair for electrocution purposes. A paper warfare stated with 
Edison which George least wanted. Temporarily, Edison had 
an upper hand because of his connections, and the link of 
death by electric chair to A.C. in public. mind. George hit 
back by saying that there are many things like gun powder, 
whisky and over eating which kill people. A.C. can kill but it 
does not mean that it cannot be controlled efficiently unless a 
*man is fool enough to swallow the whole dynamo'. The work 
onthe motor began. Here the chief difficulty lay not in the 
motor which worked опа 60 cycle frequency but in adjusting the 
motor to the 133 cycle frequency standard established by 
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appen whatever may be the cost. He 
ш ир in the’ following 


no transformer, no 
quipment—indeed, there would 
i mpany- Progress is our 

most important commodity. We invent and develop 
i the long range benefit of the 

nation and its people, I am an inventor. Financial profit 
alone does not intrigue me, time comes when 
that is the only concern of the Westinghouse Electric Com- 
pany, I will no longer be associated with it. Is that clear, 


I understand it (business interests) Perfectly well, 
am not a banker, Т would never presume to tell you how to 
run your bank. Similarly, I will not permit anyone to run 
my company. 


With 2,50,000 lamps at 
n’s Company. He infact 


purposes. He used more or less the same Set up to harness 
the kinetic energy of the Niagra Falls to Produce electricity, He 
firmly believed in inventions to invent Inventions, e then 
1 ved upon steam turbines. Before his death; he designed’ 
їр s to make horseless travel smooth and Comfortable, 
air АЕ, patents to his credit which Tanged from ar re- 
He ha through complicated electric Controls to an improveq 
аре turbine Ыайе,28 


ing the velocity of light 
14. s nM story which tells us how the Velocity ор 
It is a ШОЛ measured. Our ancients took lot of interest in 
light was 196 of light including formation of optica] illusions. 
the phenom 
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Even about twenty three hundred years ago, the Greek philoso- 
phers had investigated light. They knew, for example, that light 
travels in a straight line, and angle of incidence equals the 
tion when ray'of light falls on a plane mirror. 
They were also not unaware about the phenomenon of refrac- 
tion. Claudius Ptolemy measured empirically the angles of 
incidence and refraction but could not state the wellknown 
Snell’s law. With the possible exception of Empedocles, the 
greek philosophers believed that the speed of light was infinite. 
Aristole, authority on natural knowledge, also believed that the 
speed of light was infinite. This belief held sway for several 
hundred years for neither any method nor. any instrument exis- 
ted to measure this, short of impossible, speed. Over nine 
hundred years ago, two Islamic scientists Avicenna and Alhazen 
speculated over the speed of light. Presenting experimental 
data, they suggested that the speed of light was definitely finite. 
This figure would be, of course, quite large in their opinion. 
The Italian genius Galileo attempted to measure the speed of 
light by using artillery fire at great distances as well as lanterns 
on hill tops. He also found the figure too large. Doubts still 
existed regarding the infiniteness of the speed of light. Robert 
Boyle considered it finite whereas Johannes Kepler, Rene 
Descartes and Robert Hooke considered it infinite. In an 
effort to develop better maps, а search was made for a celestial 
event which could be used as a set standard for recording time 
both at sea and land in Paris. It turned out to be the eclipse 
of one of Jupiter’s four large moons. Ole Roemer, on the basis 
of mathematical culculations, obtained the figure of 1,38,000 
miles per second in 1676. He thus brought an infinite speed 
within the ‘compass of reason and human measurement’. The 
Paris philosophers distrusted this figure as well as the basis of 
his method. James Bradley confirmed Roemer's figure by using 
an entirely different method in 1729. The critics insisted on a 
terrestrial method like the usual method of determining the 
speed of sound. In 1849, A. H. Fizeau using mirrors and 
toothed wheel obtained a figure of 1,94,000 miles per second. 
The controversy then arose regarding the reliability of this 
figure. Jean Foucault in 1855 obtained a figure of 1,85,000 
miles per second on the basis of a method involving a rotating 
mirror as suggested by Arago in 1842. He also measured the 


angle of reflec 
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Even here, he did not 
- He himself Went to see President 
Grant and Tequested earnest] 


Y for a place Saying, “I will make 
you proud of me if I get a 


n appointment”, Tp his scientific 
dit as an illegal act, 
Michelson was not satisfi 


ed with the earlier experimentally. 
Мо; 


© made severa] modifications in the 

^ 40 lacked financial resources to 
equipment, He, therefore, gathered odds 
is best to improvise apparatus from some of 


the figure of 1,86,5 
The Naval 
thousand dollars to Newco 
the velocity of light. 


» he reported in May 1878 


a research assistance of five 
mb for trying new experiments on 


r ichelson stayed there for a little while 
with Newcomb, е got his father-in-law interested in his 


Tescarch who gave him about 2000 dollars, © repeated his ex- 
periment twenty. times and Obtained the value of 2999 853 Kms. 
per second, that is, just over 1,86,000 miles per Second. This 
figure remained an about forty five years, 
g А 

Ted it à great fun to Measure the $ eed i 
of light. He 
left for Europe in 1880 а е T 5 
Let us divert for а While h 
mind in ferment. © reflecteg seriously on the nat 

predicted to be electro tic i 

needed a medium 


i п О Propagation which by its nature of pro. 
erties attributed to it was Neither Solid, liquid Dor gas but did 
Possess part of their Properties, ү; Was the ‘luminiferous ether? 
considered to be 4 fifth i 


DUE In scientific 
terms, Christian Huyg г 
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needed this medium to carry his hypothetical waves. Newton 
also suggested wave and corpuscle concepts to explain certain 


unusual behaviours of light. He also believed in Ether hypothe- 


Sis. To quote Newton : 


may act upon another at a dis- 
without the mediation of any- 
nabsurdity that I believe no 
a complete faculty for 


To suppose that one body 
tance through a vacuum, 
thing else, is to me so great à 
man, who has in philosophical matters 
thinking, can ever fall into. 


This scientific difficulty attracted the imagination of Michel- 
son. He passed sleepless days and nights to ponder over this 
‘gossamer of Physics’ having no body, shape or form. In the 
Phraseology of Sir Oliver Lodge, the experience of ether was 

z deep sea fish which does not 


analogous to the experience ofa 
apprehend ‘the existence of “water for it istoo uniformly dis- 


tributed in it’, Maxwell himself had doubted whether answer 
to this problem could ever be found. Не had, however, said : 


If it were possible e the velocity of light by ob- 
serving the time it takes to travel between one station and 
another on the earth's surface, We might by comparing the 
observed velocity in opposite directions determine the 
velocity of the cther with respect to these terrestrial stations. 


to determin 


Michelson grappled with this problem. He developed his 
own instrument called interferometer partly based upon Fizeau’s 


technique, which he had used in 1851, in another ‘experiment. 


He did not find any shift in interference fringe system. The 
any ether wind and showed 


negative finding failed to detect 

that the hypothesis of stationary ether was erroneous because 
Earth could no longer be regarded as stationary. The evidence 
indicated that there wer still two possibilities, namely, earth 
dargging ether in its journey round the sun and the very non- 
existence ofthe ether itself. This finding raised a controversy 
in which Sir Oliver Lodge and Lord Kelvin continued to be- 
lieve in the existence of ether. Michelson o pos рр himself 
away from this controversy- In April, m р М m 


Mor on another experiment : 
ley collaborated after making thousands of observations 


got a negative finding, M mE IE] 
daily in sixteen different directions 


hile the earth was con- 
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stantly changing its distance’. At the Start of the experiment, 


Morley in April 1787 had written to his father. Michelson and 
I have begun a new experiment ‘to see if light travels with the 
same velocity in all directions? «J have no doubt that we 
shall get decisive results.’ John D. Bernal has called the find- 
ing of this collaborative experiment as the ‘greatest of all 
negative results’ in the history of science, It denied the exis- 


tested ten years later. B 


Oliver Lodge showed that ether was at rest. 


It is no wonder 
then that nature of light, 


existence of ether and the 


and without the 
At this point, George F. Fitzgerald and 
hematical reason- 
hich meant that a 
It does not 


existence of ether. 
Hendrik A Lorentz on 


ne part in 2,00,000,000, a 

Orley were not aware. 

Nevis the classical laws of 
Other independent Paths also b 

WU IRAN E egan to converge : the work 


Max Planck etc. 


relationship between m 
"impulse to understand, to be inf А : 
self’. { Не saw relevance in past ; ormed and to ate for him- 
Ten od ie ег Weakest He КОН Grin 
mer eu Risus aA Prejudice, Jaig down in mind Prior to the 
He. егег, dM 3 equation, there Was no need of ether. 
«ОШ In 1924, Mic ок Morley finding as perfectly 
periment which he n was asked to repeat his past ex- 


di 
id Teluctantly by Saying that ‘we shall 
oa 
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prove only that the earth rotates on its axis, a conclusion which 
I think we may be said to be sure of already’. Again the ne- 
gative findings were confirmed. By an ingenious alteration 
Roy J. Kennedy in 1828 confirmed the negative findings of 
Michelson Morley experiment. Michelson then commented as 
follows: ‘Your work renders my own quite superfluous, I 
should not have undertaken it had I known you were doing it 
so well’. The nature of controversy created its own weapons 
to kill itself, Michelson received experimental support from 
Auguste Piccard who sent a small interferometer in a balloon 
one mile and a half above the ground as well as from Louis 
Essen who had used a cavity resonator about ten times more 
accurate than Michelson’s interferometer. In 1960, his work 
received experimental support from, MASER as developed by 
C. H. Townes whose ‘accuracy was one part ina thousand 
billion, the most precise physical experiment in history’. In 


1907, Michelson received a noble prize for exactness of 


measurements and investigations in spectroscopy. 
n of science inhis old age 


It is very rarely that a great ша 
he had tackled in his youth. 


returns to the same problem which 
At the age of seventy, he returned to his beloved problem, 


namely, measuring the velocity of light exactly. Between 1924 
and 1927, he took five independent sets of measurements and 
Obtained а figure of 186,175 miles per second. He “was not 
satisfied because the conditions for precise determinations were 
Not available. Before the final try, he obtained a research 
grant of sixty seven thousand dollars but, unfortunately, at the 
same time also suffered from cerebral haemorrhage as well. He 
prayed to Light to give him а few hours of life only for this 
precise determination because it was to be made in nearly 
vacuum conditions. Physical hurdles in the execution of his 
experiment were immense. Evacuation of a long tube and 


maintaining a very low pressure were the chief ones. Less than 
ade and the average speed of light 


3000 determinations were ™ 3 й 
came out to be 14 miles less than the earlier figure. This figure 
is less by 18.5 Kms. than the present кора iu por 13 
Bene in scientific adventure. e scientific 

rally no last word ! mplete. Once firmly 


cathe to remain inco : 
dral always tends tinually challenged; examined (theore- 


established ideas are Con \ 
tically as well as practically), improved, тшй gene euet 
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replaced by superior ideas, 
made in U.S.A., Germany 


© velocity of light is itself variable. 
as changed over the years. It is just 
ments, new techniques and new me- 
new discovery, Let us end this fascinat- 


с attribute of Einstein made in appre- 
Contribution : 


When I was only a little 
It was you who led. the 
Ї ‚ апа through your marvellous .ex- 
perimental work paved the way for the development of’ the 
Theory of Relativity, Y insidious defect in 
the ether theory of light, as it then existed, and stimulated 
the ideas of HAL 


> Fitz Gerald, out of which 
the special theory developed, Without your work, this 


e Scarcely more than Interesting specu- 
sas Ur Verifications Which first set the theory 
оп a real basists, 


ature of Scien- 
Science text-book as 


l for those who were major- 

anities at Harvard. Some 
examples are: ро Periments in Pneumatics ; 
The Overthrow of Phlogiston Theory; The Chemical 
Revolution of 1775-1780 5 The Early Development of The Con- 
cepts of Temperature and Heat; The Rise and Decline of the 
Caloric Theory ; ecular Theory ; Plants and 
The Atmosphere > Pasteur’s Study ion ; Pasteur’s 
and Tyndall's Study of S 
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Development of The Concept of Electric Charge: Electricity 
From The Greek to Coloumb. Incidentally, they, popularly 
„called, Case Histories in Experimental Science, also reveal the 
Teflective basis of science even to scientists and science teachers 
who in the name of modernity show little interest in the history 


of science. To quote J.B. Conant: 


The purpose of the case histories presented in this series is 
to assist the student in recapturing the experience of those 


who once participated in exciting events in scientific history. 
me degree the equivalent 


The study of a case may be to 50 
of the magical operation, namely, that of transporting an 
uniformed layman to the scene of a revolutionary advance 
in science. To be sure, usually more than one investigator 
or laboratory is involved and the period of time is at least 
several years ; for however, significant a single experiment 
may seem in retrospect, no important step forward jn ex- 
perimental science rests solely on the record ofany single 
investigator's observations. Rather, the interplay of ideas 
ut experiments and their in- 
terpretation between workers in different laboratories often 
mark the decisive turn in scientific t 
the intensive study of the actua 
investigators of. the past (and in less 
contemporaries) the methods then em 


ms that а teacher relates a few 


anecdotes and, at best, if he 1 ed, tries hard to link 
current topic of the day with the past researches which made 
that topic possible. For example, while teaching electro- 
magnetic induction, he will link Faraday's work with the works 
Of Volta, Oersted, Arogo; Ampere ; and Humphry Davy who 
filled inthe gap between Volta and Faraday. Leo. E. Klopfer, 
influenced by Harvard Histories, Went 2 step backward in 1960 
by developing experimental iexts on some of the major past 
episodes of science for the benefit of high school students : The 


Discovery of Halogen Elements : The Chemistry of Fixed а 
Frogs addiBattericsc Fraunhofer Lines; anda 


few others, Their basic aim is 
Content but to give student t ‹ 
Scientists worked in the past, fo share with t 
€estacy and frustration. More specifically, 

nd feel at 


these case histories are tO 


It is only in few classroo 
is well inform 


hem part of their 
the basic aims of 
know 2 depth about the 
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> and free DE 
Social, €conomic, Political ee 
Spects of a given period with t 


It will be thus apparent that it is not easy 
Se history i 


ta particular Period in the history of a major 


moved the world. Secondly, 


achieving those objectives of 
Which are difficult to achieve through other 
Ог example, opportuni- 
and cheap equipment 
> OPportunities for practis- 
and the! various aspect of scientific 
: Я development of Scientific 4ppreciations etc., are 
available jn abundance When case Study method is used. 
Incidentally, it then also links science With economics, history, 
Sociology, Politics technology and even Psychology.20 
Concluding Statement 


Science, at its best, is taugh 


а t factually in Cur country, Here 
also, the entire teaching ncludi 7 


includi i i 
the ‘Go ddess of Ey. Б Practicals js 


dominated by 
8 amination, v € young teachers ith vibrating 
minds, find it very difficult to beat one М, 
teachers, on the oth 


i Majority of old 
er dim 


teaching ; and Consider any change in these 
fruitless. Those wh Ong them become aq 
тоге тегене үн Maintenance of Status 
viting Intentionally 

quently, excellence į Ut into the hi 
and innovation are Not built į 

reason as well. Rego 


quo than in in- 
eir tenure, Conse- 


ierarchy, and research 
into the System, here is another 


This d Ucation is not a Teward- 
poe = also hits Science badly for reforms in science 
education‘are madeo Opinions апа Whims rather than tested 
evidence. These are 


: zme of the Teasons which Continue to 
keep our science education а © Subsistence Teye], 
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a close and critical examination of what we do by itself cons- 


titutes an educative experience. What was then the purpose 
fully as possible the struc- 


of this chapter ? It was to reflect as 
r stable and fluid. Second- 


ture of science, static and dynamic о 
ly; advances in science stem from man’s effortsto make sense 
In this context, science con- 


of what he sees and experiments. 

cepts are man-made and hence tentative—which classify, and 
interpret his observations. It is these concepts which through 
the mechanism of self-correction attempt to build a complete 
Model of the universe, ап impossible task worth challenging 
eternally. One should not lose heart in the face of preliminary 
failures for it is at this moment that the real picture of science 
would ever appear. Like Archimedes twenty three hundred 
years ago, J.E. Teeple, a chemist, in this century entered the 
bathroom twice with a problem in his head. Unconsciously, 
he carried out all the usual bathroom chores Discovery : the 
towel was wet. It should not be Jost sight of that ‘Eureka’ 
moments are few and far betw Einstein once 
said of him that he had to make ninety nine mistakes before 
he could arrive at the hundredth correct answer. Dr. Teeple's 
experience in this context is quite typical of problem-solving 
behaviour in science. Science is no longer ^ search. for truth 
but a search for error. The test, according to Rudalph Flesch 
is simple : “If the thing is shot through with PERHAPSES and 
MAYBES and HEMMING and HAWING, it is probably 
Science ; if it is supposed to be the final answer, it 1 not. 


een in science. 


10 (4555/1972) 


3. Exposure to Fun 
Scientific Phenomena 


er 
у Ollect the apparently iso] 
and chemistr beco; 
mathematics. т T students through 
this long Struggle, Having Teached this understanding and 
generalization, We can start from there and work back- 
ward, I recognize that q ta lec 
principles through data, b 
meaningless. 


» Sut data in themse] 
2 ine: СУ Only serve to lea 
Start with Princi the 


А ple, alive and interesting 
principles whic! Connect the data an, € single phenomena. 
The unification о knowle ge is the greatest ac 
science, perhaps the grea: i 
understand the n since we un 
teaching them the Structure 
there. 

Schools shou Physics апа chemistry. 
How can we tac pucha subject? Faraday gaye one answer 
when he talked t hildren about “candle. He did not talk 
about the ph Sics, or c emistry of the candle, but talked about 
the candle and Slowly led the children into its chemistry and 
physics, fascinati i l would take children out 
y, pick up а Stone, and 


hievement of 


IS audience. 
Into nature and look arou 
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then let it fall. The weight of the stone and its fall would lead 
One into gravitation, the forces holding our solar system to- 
gether. Then I would perform Galileo’s famous experiment 
and drop a big stone and a small stone and see them reach the 
ground simultaneously. I would also throw a stone which 
Would lead into mechanics, to force, momentum and inertia. 
I would follow up by putting a piece of lime stone into hydro- 
Chloric acid and see it dissolve, which would take me into 
chemistry and eventually to its centre, the table of Mendeleev. 
here is nothing one cannot explain to children, if one can 
Preserve the child-like simplicity and naivete of one’s own 
Mind. With such a direct method, one could not only explain 
nature but make it absorbing, interesting, gradually working 
one’s way upto biology and living things. One could give a 
Teally deep insight into nature’s workshop. | 
..Produce men who know why and what they аге, with 
eyes on the future, who are masters and not servants of crea- 


tion. That is also the object of education. . 
—Szent Gyorgyi 


The experience of doing a science project can provide 

à student with new knowledge and new skills as he works in 
the laboratory, workshop, field, or library. However, the 
Breatest good that comes from project work is the personal 
experience of pursuing scientific discovery. In an investigative 
type science project, the student first becomes intrigued with a 
Natural phenomena. He then finds out all he can about the 
Phenomena by exploiting the available sources of information. 
hen he reaches a ‘frontier’ of knowledge, he asks in experi- 
Mental question—a question that must be answered by an active 


Search. —K. C. Goyal and Piyuish Swami 


Introduction 1 $ ч 

Science teaching in our country is neither AT nor 
Practical. Те is, for all practical purposes, boo cn an E 
Cisely for this reason, it is found dull, dead and уе, уа 
Yast majority of our school boys and girls. а е у 
Satisfying state of affairs can по longer d ae an ie ү, MW s 
assistance of five year plans, We 476" p s t^ For this 


а modern scientific and technological d ELEC ME 
Véty reason alone, the scientific educati 


Bitls acquires special importance. What e ji AE 
lm here? Ip is to expose OUr YOURE oy Ang gis 
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as fully as Possible to the varied aspects of investigative 
For this we have to focus our efforts 
ical thinking in general and scientific 4 


structured experiences for 
ded. Like Faraday’s children, 
a whole rather than the physics, 


of it. They then se multivaried aspects 


eir curiosity, Then they put 
€ phenomena and secondly to 


magination, 
ntimate kno 
ng library re: 
ent, 


Functions of Investigative Projects 


Though investigative Project, one can easily achieve the 
following purposes : 


(a) It introduces and develops Scientific facts, Concepts and 
Principles in an ; 


among students 
extensive encounters with the prob- 


(b) It not only fires im 


(c) It helps ang 


t encourages in the discovery (identifica- 
tion) and development Of talent j 4 
nt int 
(@ It may Provide, p he country, 


à 1t given the facili 
БАЙ M aE GN facility, first ha 
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(e) Lastly, it can be bent to supplement classroom teaching. 


Posing the Problem at Depth 

Not incidentally but intentionally, it is the job of science 
teachers to sensitize their pupils to several problems like a 
Scatter gun approach, in their day to day classroom teaching. 
It is only then they will now that science remains an “Unfinish- 
ed Business’. In this connection, it is of great interest to 
Teproduce below part of the talk of G. Guru on Investigative 
Projects in Zoology delivered to the practising science teachers 
under the auspices of the science Youth Project at the Regional 


College of Education, Ajmer- 


Investigatory Projects in Zoology Purpose 
Biology is a living science full of interesting and intriguing 
questions, The main objective of these investigatory projects 
in biology is to involve students in an active quest which makes 
them scientists in search of discovery in this discipline. The 
Present projects have been selected and designed to serve the 
investigatory functions of school science students. The pro- 
Jects present problems to the students. Starting with an un- 
known, he will try to find out the answers and make the dis- 
Coveries himself. Suggested approaches have been given so 
that in making discoveries for himself, the student will gene- 
Tally follow in the footsteps of scientists who have preceded 
him. But he is free to follow an entirely new approach and 
Оп some occasions he has to. The student should constantly 
Sep ia shine л уча R а 
dures, He should be always in search for new problems and 


design his own experiments to inves 


arc 
tigate them. 


Selection of the Projects і СМ 
Biology is а vast land of wonder and enigma, full of inte: 

Testing and intriguing problems. Investigations 1n this most 

interesting branch of discipline may be conducted med to 

Individual taste and choice, interest and quest in the following 

broad directions : 

I. Investigations of the organisms living in their charac- 
teristic environments. 
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П. 


ige 
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INS - open 
Investigations of the individual organism as an 


n E : rough 
and dynamic System, that is, its maintenance o 
exchange of materials and energy with its 
ment. 


Examples of Investigative Projects 


N 
First Example 


What insects live in water ? 


Purpose of Investigation 
To learn the Kinds о 


ü : : 3 t 
f insects associated with differen 
kinds of Places in an a. 


quatic habitat. 
Problems Involved 

1. 
2. What materials will be required for investigations ? 
2 at аге the different Kinds of places present in an 


How to investigate 2 


4. 


nY part of their life Cycle? And which 
Part Of life, adult or ] 


5 7 
atya Or nymph occurs іп water: 
Sects available Tound the year or in a parti- 

? 
7. Which insects а 


е of average 
ich are rare 2 
8. Те there Nocturnal] Insects and diurnal insects ? 
Suggested Approach 
1. Itcan be i 


Y party which may 
*. Each group will 
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1 kinds of insects, it can find їп а ‘single part 


collect al 
of the water community. 7 { 


Each kind of insect should be placed in different con- 


2; 
tainer. 

3. Available data should be entered in field note-book 
then and there. "o 

4.' Two or three living specimens of each kind of insects 
may be kept in a container with water for further 
observations later on. 

5. Collections should be done from various substrates 
such as rocks, living plants, bottom, under-surface, 
twigs'and refuse. 

6. For museum and future reference, two or three in- 
sects of each kind should be preserved and Jabelled 
with date, location and kind of substrate. 

7. То know ће seasonal variations of the insects living 
in winter, the above procedures, may be followed at 
least once in each season of the year. 

D. Requirements 

1. Collecting nets All these should be 

2. Containers locally available or 

3. Preservatives J made. 

E. Conclusions 
ow assembled are : 


Three useful items 


you have n 


ater insects whose names you may not 


1. A group of W 
yet know. MARS. ч 
2. Specific part of a fresh-water community in which 
the insects live. ў p Bre ss 
3. Seasonal variations of the kinds of insects living in 
water. 
E., | Further investigations 
1. What steps will you now. take to make these data 
and to others 2 , 
Dif aper problems have occurred during you pre- 
1 sent assignment which you want to solve 0 4 ; 
23s How.are you going to tackle your new BI Em 
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Second Example 


Nest Building Activities of a Solitary Wasp, the Potter 
Wasp. 


A. A. Purpose 
You are familiar with Solitary wasps which frequent 
human habitations to build their nests. It is the female 
that constructs nest. ~ The Purpose is to investigate into 
the details of its nest Construction and its object. 

B. Problems Inyolyed 
1. To locate a solitary Wasp in search of location to 

construct a nest, 
2. What are the possible 
you can find mud- 


How many cells are found 


осу л & оо 
x 
© 
= 
E 
5 
< 
= 
5 


seal it ? ° With each Cell; and when does it 


C. Suggested Approach 
1, You will e 


house or your 
Or in Я 
ber especially in Tava ош during May to Septem- 
2. Locate one 
3. Begin your Watch 4 ; 

Second, you HS ND 


Ime-piece and, to the 
ervations. 


necessary not to miss the 


record your g 
4. Whole day's Watch ‘me bs 
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gap of its activities and you may miss your class for 
weeks together. This can be avoided by making a 
group of 6 to 14 students who can watch a day in 
turn. 

5. Investigation requires 0 
paper and patience. 


o equipments, save, pencil, 


D. Results 
Record the results of your observations date-wise horizon- 


tally and types of activities column-wise. 


F. Further Investigations 
1. Do the nest-building activities differ in different solit- 
tary wasps? In what ways ? In what types, size, 
shape, number of cells in nest, in location ? 
2. Do different solitary wasps provide ‘different prey in 
their cells ? 
3. What are the uses of these prey ? 
4. How long does it take for the adults to emerge out of 


the cell ? 
5. How does d 


evelopment occur inside the mud-cell ? 


Further Illustrations of an Investigative Project 


(a) Rekha's Project 


Encountering the Problem 
Rekha was a tenth class student in one of 


in Rajasthan. Her hobby was to Cut Of 
decoration or display purposes: One day, the school gardener 
Observed her while cutting flowers: He felt sorry for her for she 
allowed the cut ends of the flowers to be exposed to the air 
before placing them in water’. He asked her to ‘cut the flower 
Stems again while holding ter before putting 


them under Wa о 
em in а vase’, Was not this the secret of keeping flowers 
Tesh for a comparatively 


longer time 9 Rekha was puzzled 
NW neither she nor the gard She talked 
aturally to her teacher about 


ener knew the reason. 
observation who told 
a that the problem lay in t 
Tanspiration. 


the urban schools 
pluck flowers for 


this chance 
he area of Ascent of Sap and 


| iscover ‘Knowledge 
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still 
Оп and potometers. SS ae 
unclear about the problem Which needed reformu 
Specification at depth. 


Formulation of the Problem 


ў a starting 
She reflecteq Over this Problem for hours. Asas 
Point, she hypothesi 


d in 
the ‘cut flowers that are place 


› for,a long Hime "m 
r {һап the flowers Srt 
> She also hypothesized tha / 


5 in 
f flowers to air before placing Pripet 
water might also influence their freshness. Therefore, she 
mulated her Problems as folloy 


ater Flow 


| р ts 
through the stems of Plan 
Uenced by the Ai 


f 
it Exposure of the Cut Ends 0 


Designing the Experiment 


Here again, she Consulted her teac 
tally those Plants Which Showed 
Again experimentally, ОШ. of these t 
ones which showed the earliest Signs of wilting. What abou 
the Potometer 9 ere, her teacher did i 
had to build her ow Potometer whi : 
time. For this, she had to acquire skills in glass fabrication 
and operation of a high temperature 
how to read the Potometer, A fier Over Coming these hurdles, 
she was now ready for conducting her Project, 

Maintaining the Records е 

She obtaineq blank Sheets for this Purpose. She knew ‘the 
kinds of obse ions Tequired to test the various hypotheses. 
She, therefore, drew 8Ppropriate tables on them in which read- 
ings could be recorde Sraight away, At the end of the experi- 
ment, she could easily tei about the name of the plant she had 
treatment given to it, the date and timings 


r1 iz 
her and chose Em 
800d rates of transpiratio $ 
plants, she selected thes 
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When the various observations were made, potometer ‘readings 
at different stages of the experiment, temperature,’ humidity, air 
Pressure and light intensity. She also reserved some space for 
recording unanticipated observation, difficulties and hypo- 


theses. 


Keeping the Track 


Her experimentation lasted 
across several interesting observ 
of a few days, she noted that the 
had amore rapid rate of transpiration than the plant treated 


Otherwise.’ She was attracted by another problem, namely, 
se of plants cut both 


variation in rates of transpiration in cas 
ways during day time. She, however, preferred to stick to the 


Original problem. 


for serveral days. She came 
ations. For example, at the end 
‘plants that were cut in water 


Reporting the Findings 

She had collected lot of data to answer the problem with 
which she had started. Naturally, she had to write her project 
Teport. Her data indicated strongly that the ‘plants that are cut 
while held under water show 2 more rapid rate of transpiration 
when compared with plants tl tin the air’. This was 
true regardless of sufficient уап rature, She then 
Presented her project report to her teacher under the following 


heads : 


1. Summary 
A. The topic ОГ problem investigated. 
B. The explanation of the problem. 
С. The most important jnformation 


vestigation. 


gained from the in- 


2. Discussions ae 
с :ng up to project: 
acu por His received from other 


B. Acknowledgement 9 
cople. is 
М ed in investigat 


Methods us bs 
Tabulation of findings: йү 
Conclusion an reasoning Ч on which it is based. 
pcs other workets. 


Argument ОГ suggestions 1o 


jons. 


mgA 
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3. Appended Materials 


Drawing, photographs, graphs, calculations, supporting 
the project report. 
She got another opportunity to talk on her project to other 
science teachers as well as Science club members of other neigh- 
bouring schools. She won recognition.* 


Additional Problems for Investigation 


She was now delighted that her Project had shaped well. 
She had won recognition from teachers and her mates. But 
still, her project raised several problems, 

1. Do the rates of transpiration also var 
with the change in time of day ? 

2. Does the trans 
period ? 

3. What is the best 
flowers fresh longest ? 


4. What are the quantitative relationships of transpiration 
rates to humidity, temperature, and light ? 
It is only under the circumstances that science solves one 
problem and creates a few More. They await their turn to be 
mastered. It is how the Mastery of Mind over Natural En- 


y in other plants 
piration rate in cut flowers have definite 


temperature at which to keep cut 


(b) Arun's Project 
He, like Rekha, also encountered the same problem in his 
day to day classroom learning. He was not much impressed 
by his teacher’s demonstra; 


) tions. He asked а mechanic to show 
him the pressure gauge and explain its working to him. He 


remained dissatisfied with the Mechanic’s explanation, He 


uipment from his teacher be- 
cause he had not formulated hi 


r But to his disappointment, not a 
single device really worked, ңе finally hit upon the idea of 


constructing a топова Air bubbles interfered too much 
when he put mercury into it. не used graph paper for measur- 
ingthe rise of the level of mercury. He found the root pres- 
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sure 
Ape TE atmosphere, His efforts were recognized and he won 
mood (c) Khan’s Project 
M E ae ak enough, Khan also encountered the same 
Bint an nly the circumstances WoT" different. He read 
Shamir: ji problem in plant physiology as well as physical 
m ram texts. Particularly speaking, he sought information 
SHE sis, capillarity and accidentally, encountered new in- 
га E electro-osmos!s and streaming potential. He was 
m is excited. about the sap-rise phenomena, but no book 
nae m the satisfactory reply. He, therefore, decided to 
is problem himself. He discussed his problem with 


o А 

Г of the university professors. The university professor 

of a interested in his problem. Khan, therefore, after lot 
inking, developed the following broad hypothesis : The 


Auto- A 
uto-electro-osmosis Hypothesis : 
—a tracheid. Assume 


таш а small vertical tube in a tree | 
e tracheid is filled with water. The water diffuses out- 
ward through th id walls. The diffusion produces 
En electrical potential difference between the inside and out- 
dde of the tube wall (streaming potential). Suppose the 

iffusion is more rapid at the top ofthe tube, the potential 
difference will be greater at the top. If this is true, a poten- 
tial difference will exist between the inside top and the in- 
Side bottom of the tube. From the known phenomenon of 
electro-osmosis, an upward liquid flow will be initiated in 

difference. 


the tube by this potential 
He, therefore, 


ffected by the 


further sub- 


It was too b : 
div; Mo road a hypothesis: 

ivided his main problem : 
ic flow rate а 


(a) How is the electro-osmot! 3 
magnitude of the potential erence ? 
(b) How is the streaming potential affected by the rate of 
nd the electro-osmotic 


osmosis ? 

(c) How are streaming potential а 
flow rate affected bY the nature of the membrans 
through which the flow occurs ? [The equipment was 
designed and the observations were recorded properly. 
Many side question which, of course, did 

d Arun, Khan's 


S appeare 
not di . Li А 
distract Khan 5 prize.’] 


Rekba an 
efforts were also recognized. He also WOR 
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Selves. Incidentally, they also learnt i 
They also learnt that i 


as fabrica sensitive equipment. If he were a bit 
more imaginative, he could attempt to interpret their recorded 


© differently, This leads to controveries. 
intense controversies. Con- 
On the other hand, it is 
cientific knowledge. Contro- 
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gative problems or projects. . They will gain new knowledge 
and skills as a result of having had a close look at some selected 
natural phenomena, opportunities for practising the various 


Processes of science, and personal experience of utter ecstacy 
and frustration. Lastly (but fortumtelyh it is also a tryout 
advanced ЗӘКА, 


Experience for those who wish to attempt 
work later on as whole time working scientists. 


Other Examples 

: The Science Youth Project did not stop only at the Sap 
Rise Phenomenon. They developed ideas for investigations on 
several topics like Aging and Life Span ; Artificial Clouds ; 
Bouncing Balls; Coal, Coins, Combustion, Corrosion, Dielectr- 
ics; Earth Quake Waves; Earth works ; Electrolysis ; Fluid 
Jets; Freezing Point Depression ; Heat Absorption in Plants ; 
Lubricants ; Minerals ; Ozone ; Parascience ; Photosynthesis ; 
Population Studies ; Poultry Farming ; Respiration, Saliva ; 
Seed Germination, Soft Drinks ; Starch ; Studies on Inactive 
Life or Life in Suspension ; Synthetic Rubber; Tooth Decay; 
"Toys ; Visual Inversion ; Water Rocketry ; Wells ; Wood ; and 
many others (2). They also saw to itthat most of the investi- 
gations were within the physical resources of the school as well 
as within the mental capacity of the vast majority of children. 
They gave to these investigations vast content and imaginative 
forms. G Guru so eloquently put it, "The student should con- 
stantly keep in mind that there is the possibility of alternative 
procedures.” “Не should be always in search for new pro- 
blems and design his own experiments to investigate them.” 
Let us now reproduce below the following additional examples 
which contain unsolved problems for consideration at the hands 


of our projecteers : 
1. Aging and Life Span. 
2. Lubricants. 
3. Population Studies. 
4, Soft Drinks. 
5. Tooth Decay.® 
1. Aging and Life Span 
. As organisms become old, they appear to lose their vigour 
and die. The maximum length of time an organism lives, its 
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life span, is one of the characteristics that varies from pro 
to species. The life Span of man is approximately 115 y ШУ 
The toad has a life Span of 35 years, while the rat lives 0! 
TSe fete, 
i: hae is a complex process With Many factors E ES 
to the causes. Man’s life expectancy (average length of li i 
varies from one part of the world to another. Wild birds in the 
field live a considerable Shorter time than the 


bird keptin captivity. Here a Contributing factor appears to 
be the hardship of environment. 


are steadily fed. The Tegularj 
may be a controlling factor bu 
lity of food, manner of feeding, temperature of the atmosphere, 
cannot be ignored. In order t 
variables, an investigator hast 

Animals such as earthworms, рї 
sects such as cockroaches and b 


:gation : d 
Mo What effects do the alterations 


А i limate ha 
ht, environment, or c 
body. Jig 9 
organism à the offsprings of younger Parents tend to live longer 
2. off spring of older Parents ? 
than x. the life span of one sex greater than that 
3: 


in diet, te: 


Inperature of 
Ve On the |; 


fe span of an 


Of the other 


atect its life Span ? 
es the old age of an organism afi рап? 
ро 


А ЕСЕ its mental effici- 
^ js there any truth in ше Phrase With те erence to man 
nie adr organisms that "you cannot teach an old dog new 
and О 
tricks” ? 


sex ? Does the size of an organism affec 
4. 
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6. What physical changes occur as organisms become older? 


What physical changes occur in organisms after death ? 
7. Do long-lived parents produce long-lived progency ? 


Are there physical characteristics of a given organism such as 
the annual rings ofa tree and the weight of lenses in the eyes 


of a rabbit that enable one to determine its age ? 


2. Lubricants 
Industrial machinery woul 
the supply of lubricating oils 


d soon slow and ultimately stop if 
became depleted. Every piece of 
Machinery that, moves, from automobile engines to wrist 
watches, requires proper lubrication. Recent commercial deve- 
lopments feature motor oils that maintain а given viscosity over 
a wide temperature range and automobiles that can go 4,000 
miles between oil changes. 

1. Can old oil that has been drained from automobile 
erankcases be reprocessed for use, or is it really worn out ? 

2. Do lubricants vary in effectiveness if the part to be 
lubricated is magnetic ? 

3. Does water, or any other substance, cause a noticeable 
decrease in the action of a lubricant ? 


4. How are the lubricating properties of oils affected by 
high pressures? Is the same effect noted for solid lubricants 


such as graphite and lead oxide ? 

5. Does the phenomenon of thixotropy (liquefaction of a 
gel by vibrating forces such as shaking and ultrasonic waves, 
and its setting again on standing) have importance in the all- 


temperature oil ? ; 
6. Is the effectiveness of a lubricant a function of molecular- 

size, weight, ОГ of molecular geometry 2 
do the coefficients of friction between various 


7. How ШО 
objects change with lubrication ? 


3. Population studies 
The world human population is increasing at an astounding 


If the present annual rate of approximately two 

there will be more than six hundred crores ER SCR pe 

earth by the Year 2000 twice the population of 1965. Th 
population is mainly the result of the decrease ^ 


explosion of y s 
death rate due to the increase in medical knowledge as well as 


rate. 
continues, 


11(45-55/1972) 
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For instance, in India, the death 
and) in 1949 to 23 in 1963. The 


organisms have the capacity to i 
(theoretically, houseflies co 
few years). But no Org 
potential as there are numer 


include food, oxygen, light, disease, war 
toxic effects of body wastes. 

about general population growt 
ment, where the limiting factors 

1. What percentage of the t 
tituted by females, and what 
(locality chosen for survey) ? 

2. What is the percentage of literate People in your beat ? 

3. How many boys and girls are Teceiving education at 
various stages? What is their Percentage of the whole 
population ? 

4. What is the change of Population in One year in your 
beat?. From these figures, can You estimate the change in 
total population ? 

5. What are the common diseases among the members of 
your beat ? ? 


› Predators, space, and 
The biologist can learn much 
h through laboratory experi- 
are controlled, 

otal human Population is cons- 
Percentage by males, in your beat 


4. Soft drinks 
Carbon dioxide gas is dissolved in almost ever soft drink 
The solubility of carbon dioxide is directly Proportional Eu 
of pressure applied. Carbon qi... Si Sp 
amount toxide forms carbonic 
jd in water solution. When the pressure inside the 5 i 
aci oving the lid, carbon; oer ootte is 
removing b 
educed by onic acid decomposes. 
d rbon dioxide then bubbles through the beverage and passes 
Fi а 
he bottle. А 
ut of t tion di 
The degree See Sie ari ers from Опе brand of soft 
to another. Such comparisons should 1^ made for a 
drink t° ле of beverage. Pi RC Carbo erin might 
fixed а quantitatively by measuring th d 


а © rate of carbon 
be ee released at a standard temperature ang Pressure, 
dioz 
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1. After being opened, do certain soft drinks retain their 


carbonation longer than others ? 

2. Is there any difference in the degree of carbonation of 
various soft drinks ? 

3. Is there any negative catalyst that will slow the decom- 
position of carbonic acid to carbon dioxide and water? To be 
iously could not be toxic. 


useful, the substance obvi 
5. Tooth decay 


Tooth decay usua 
fermentation of carboh 


lly occurs as a result of the bacterial 
ydrate particles that are left between the 


teeth after eating. Fermentation is so rapid that generally 
within an hour corrosive acid can be detected. The acids are 
Produced. by‘bacteria that grow in a soft deposit (called dental 
plaque) that surrounds the teeth. The first action of acids takes 
place on the inorganic substances’ of teeth, enamel (outer coat 
of teeth), and then starts, dissolving dentin and pulp (organic 


portion of teeth). 


The large number of bacteria in the mouth does not 


necessarily indicate the possibility of tooth decay. Lactobacilli, 
acid— producing bacteria, have been found in the mouth as 
early as six months before actual decay in a tooth has started. 
]. How strong are teeth? How much force can a tooth 
support vertically ? Horizontally? What extremes of tempera- 
ture can a tooth endure? How do the acid resistances of teeth 


compare ? 


2. How do habits of smoking and chewing petals affect the 


multiplicity of the bacteria in the mouth ? 
3. How efficient are the different available brands of tooth- 


pastes in stopping tooth decay? Suggest a good brushing 


technique. 
he causes of good dental health in persons who 


4. What are t 
are free from tooth decay ? Is there any hereditary explanation 


for this? 
5. How does 
saliva fluctuate wit 
6. How do the 
one individual vary W 
7. What changes 
elder ? 


the population size of bacteria in samples of 
h the kinds of food a person has recently eaten? 
bacterial counts and pH of the mouth di 
ith health, age, and time of day ? 

occur in the tooth as a person becomes 
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8. What tooth diseases can be observed in animals other 
than man? ' 
9. Is there any truthin the advice not to take cold things 


after hot things or vice versa because this might damage the 
teeth (3) ? 


Concluding statement 


these experiences and thereby 
various questions.. through 
and speculation. In this, they are expected to select a fruitful 
problem for investigation, 
dure to carry out the investi 
Strategy as postulated, to record Observations and tabulate 
them, to arrive at the results an 
lastly, to relate one's results with the results of others past and 
current. «The successful Solution of one proble: 
momentum at the school and in its train, several students, at 
their own level of functioning, select problems, which match 
excellently with their talents and tools. 

It is quite possible to Work out the various units of instruc- 
tion included in the syllabus in such a w 
reformulate, more and more productive 
project ideas having a wide appeal to children. Projects thus 
formulated will go a long way in generating new knowledge 
and experience for the pupils much beyond their subject. It is 


Је pendulum depends Strictly on the length of the Pendulum, 
" fore he had entered the university. It hardly matters if they 
cover new facts With wrong interpretations for it was found 
dis 


be only 
he very 


in the 
Secondly, unnecessary and unimaginative 
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restrictions with a view to get quick results kill the very soul of 


Science. 

Lastly, scienci 
efforts to improve it, is in a Very 
their examinations but they are 
nature of scientific enterprise. 
into our science teaching for the ve 
and research are not built into it. 
Show great promise in overcoming the main deficiencies of 
Science teaching. Ош experience at the science 
youth project clearly demonstrated that an investigative 
project need not be very costly for majority of pupils. If 
carried out in the right atmosphere and spirit, work on the 


project is a transforming experience both for the students and 
adually or otherwise at depth 


teachers in posing problems st r 
and seeking their solutions more and more experimentally. We 
can thus succeed to impart training in scientific methods using 

If suitably bent, the completed pro- 


reasonably cheap materials. 
jects can supplement and enliven day to day classroom teaching. 
If carefully cultured and nurtured through proper guidance and 
follow up, investigative projects will surely turn out to be power- 
ful Impact Nucleis; away from stressing memory in learning 
Science with the inherent potentiality to-change the scientific 
and technological face of a tradition bound society having ‘two 
big majorities of the poor and the young’ (Indira Gandhi). 


e teaching in our country, despite our best 
bad shape. Our students pass 
not all familiarized with the 
We thus fail to build quality 
ry reason that innovation 
Investigative projects thus 


6. The Variable Illustration of 
Some Specimen Projects 


Undertaken by Some Selected Science Teachers 
and Science Talent Competitors ; 


I am really very happy that you (his uncle) are still in- 
terested in the little things I am doing and Working on, even 
though we could not see each other for a long time and I ат 
such a terrible lazy correspondent, ‚1 always hesitated to send 
you this (First paper concerning the Investigation of the state 
у f aether in magnetic fluids) attached Note ; because it deals 
Q ith a very special topic, and besides it 1s still rather naive and 
Wa erfect, as is to be expected from a young fellow like myself. 
TE 1 not mind at all if you do not read the Stuff ; but you 
1 ee recognize it at least as a modest attempt 
m 


k 2р! to overcome the 
laziness in writing which I have inherited from both of my 
a: 


dear parents. 
As you probably already know, I am DOW expected to go to 
lytecbnic in Zurich. However, it Presents serious di- 
the Po Deedes I ought to be at least two Years older for that. 
сше let you know in the next letter what happens in this 
We sh 


matter- —Albert Einstein 
child of this nation is very notorious by nature 


forming the things of his household. Th 
d = ЫШ that any defect or breakage in the 


Every. 


akin 
for bre 
is the СОЮ 
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household material (e.g. Radio, Watch, Sewing Machine, etc) 
is attributed to be done by the youngest member of the family. 
This is true even now. Today’s younger ‘generation is tom- 
Orrow's great men not only of his own nation but of the world. 
The political leaders Dr. Rajendra Prasad, Dr. S. Radha- 


krishnan, Dr. Zakir Husain; the eminent scientists of 
Noble Laureate, Dr. J. C. 


world-fame: Sir C. V. Raman, 
Bose, S. Narlikar; the famous literary workers : Shri 
Rabindra Nath Tagore, Munshi Prem Chand, Shri Maithili 
Saran Gupt were children of their own times and I am sure 
that they too would have been reprimanded by their parents 1n 
their childhood. In my view, 2 child isa true scientist. He 
tries to learn something by breaking or deforming the things of 
his house and his knowledge increases with his age. The young 
blood tries to know *How and Why" of every mechanism. 
Yesterday's naughty child is today's young scientist. 
—A Projecteer 


Born in a family of Engineers, from my childhood, I 
was interested in studying the basic principles of Science and 
Engineering. The Engineers in my house used to kindle my 

to my numerous doubts 


curiosity and also rovide the answers 1 
Sd Ping that engaged my attention often was 


an ions. One 

the Ты al iron. As a child when I first purchased my 
gleaming white mathematical | set of instrument box of pro- 
tractors, etc., I was soon to discover that ina short time the 
white appearance vanished giving place to a black image which 
I later learnt was rust. Т could not then understand why the 
Celluloid protractors etc. which my friend had purchased never 
changed colour. We were then living near the sea-coast, Dur- 


ing the next few years, We moved to the interior where the 
s р protractor І bought did not turn 


climate was dry and the new tor I. 
black so soon as the one I had while ae near the sed Geer 
To all my innumerably questions, my fate calmly told me 
that this, phenomenon is known as CORROSION or RUST 
FORMATION. He explained that this happens only to 

ffect the plastics or celluloid. 


metals like iron etc., and will not a 1 
Т ајѕо understood that this phenomenon will be more pro- 
here the air is more humid. 


nounced in coastal areas W. 
—Another Projecteer 


As a child 1 was always fascinated by the display of 
colours in nature. The bright blueness of the sky, the various 
the changing colours at the sun-set 


colours of the rain-bow, 
ted me very much and I used to watch 


and many more attrac d 
their brightness for long hours. 1 44 not know at that time 


how these colours Were produced. When I grew up, I began 
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Searching the cause of these colours of nature but I found no 
satisfactory answer. Gradually, when I became a college stud- 


ent, and asI have a hobby of reading books, especially, on 
various branches of Sciences, I found ans 


For instance, I now know that the blue colo 


the scattering of light by Very small particles of o 
which float in the air. | also know 


; Could not be solved by me, 
The problem was 


knew what makes them burn a 


nd produce a flame, I did not 
know what made the flame colou 


red. ], therefore, selected this 
at with the help and guid- 


—Another Projecteer 


5 r acations, І happened to be at 
my maternal uncle’s house in A] there I had the occa- 
sion of drinking a bad quality water { 


the two. One is sweet and cold ; whereas the Other is saltish 
and warm. This set me thinking th 
of water is due to the Presence of salts Contained init. Asa 
matter of fact, all ground waters (well waters) contain salts 
carried in solution and their qualit 


me y largely depends upon the 
amount and composition of these dissolved solids, 5 


s When 1 saw these Soap-bubbles, I at once remarked 
n. s , 6 

So cupit about the thickness ОЁ the surface of the Soap- 

bubbles. I was much pleased when T got some ideas about this 
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funny project in a Physics Book published by the N.C.E.R.T. 
In that book, for finding out the thickness of the surface of. 
re given but they Were in brief and it was 
Not possible for me to put them practically. I was thinking 

e of the soap-bubble may be in 
it was written that one 
forms a layer with an area over 
to the volume of the stearic 
he thickness of the layer of the 
Stearic acid. This value as the book suggested was 20 


angstroms. 
—Another Projecteer 


I had been reading about the simple Voltaic cell from 
class УШ, but had neither read about (1) the strength of sulp- 
huric acid used in this cell, nor (2) the effect of different 
electrolytes on the common elements, nor (3) the effect of differ- 
ent groups of common elements on the specific electrolyte. 


ds questions Were giving me anxiety for some үү no vs 
ook rect answer to solve my pro ems. As 
showed tie GIE E TALENT SEARCH EXAMINA- 


a candidate for the SCIENC 
TION, I took up these problems and set to work. 
—Another Projecteer 


While riding bicycle, as I fast as І can, with the wind 
rushing against my face, I have often wanted to know how fast 
Ican pedal my cycle. Once sitting beside the driver while 
making a long journey by car, I observed that as the car moved 
faster, the wind brushed past my hand outstretched through the 
window, exerting a greater force on it. Then I realised that this 
principle might be utilised to measure speeds of vehicles by a 
simple instrument and this prompted me tO prepare this Projects 

—Another Projecteer 


Introduction 
Projects, simple or complex, small or big, fundamental or 


applied, and cheap or costly are our great educational resources 
inhering open objectives with sight on quality commensurate 
with international standards, for they provide opportunities to 
the projecteers, each according to his greed, to learn, to handle 
firmly, evolving scientific concepts, as well as to acquire needed 
skills during problem solving, largely speaking, unaided. They 
not only experienced science and processes of science first hand, 
but also what it actually means being patient, curious, preserver- 
ent, openminded, keeping fingers crossed, and being able to 
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Scientific Phenomena is necessary as the first Prerequisite but 
not sufficient for the ‘Journey of a Thousand Miles’ which be- 
gins for some one only when he takes the first Step or plunges 


following the originally conceived right path. 
adventurer, past knowledge is both an asset and a liability, It 


ability, when gone into 
head firmly, it Successfully restricts the incoming of fresh 


УН now face the great 
` frontiers: theirs is a unique world-wide fraternity dedicated 
to the mystery of nature > Not the mastery of тап: in them we 
find the vision and Spirit and purpose which have constituted 
the elements of leadership in the Past". It is only then the 
young projecteers later on as a result of undergoing Project Ex- 
periences that they will acquire ‘fresh, unorthodox, nimble, and 
vibrating minds’ (Warren Weaver). There is à lesson, as clear as 
the writing on the wall, for those who Participate in а big way 
in teaching and administering of Science education in our 
country. Whatever the amount budgeted including internation- 
al collaborative efforts for building quality into science educa- 
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in numbers, cannot capture even 


part of the international leadership in an environment in which 
our youngsters do not hesitate to copy, stab invigilators, and 
cook results to get more marks and better positions of employ- 
ment. In turn, science will punish them cruelly. Our total con- 
tribution to our global scientific and technical knowledge every 
year comes out to be less than 1 per cent (D.S. Kothari). These 
are not at all the fair prospects for à country like ours to go Up 
in the comity of advanced nations. It is no wonder then that 
We continue to be rich in resources but poor in intellectual and 
economic efficiency. (The recent atomic bang has been our 
Very pleasant surprise and exciting achievement under very 


unfavourable conditions.) 
Analysis of projects 
It is this concern, hope on hope, shared by some of us at the 
Regional College of Education which led to the. development of 
two experimental projects; The Mobile Science Show 
and The Science Youth Project, rall practical put- 
poses. Under the imaginative Jeadership of Prof. A.N. Bose, 
part of the experiences gain п without incurring 
g of science teachers in the 


any extra expenditure, in the trainin: 
four year courses (now raised to honours standard). The 


writer did not stop at this but had alook at another mine of 
ideas, the Department of Science Education in the N.C.E.R.T. 
There they receive thousands of science projects (and burn them 
in the succeeding year for they have no storage space !) as part 


of the Science Talent Search Examination. Dr. M.C. Pant, 
ari Ved Rattan sent me, in two batches, 


Dr. K.N. Saxena and SI а 
over 500 randomly selected projects for the so called penetrating 
analysis. They, on reading, turned out to be jewels in the dust. 
They presented a standard of achievement which I had little come 
across during my teac j in England. A firm belief 
began td grow in my mind that our Jads can do anything even 
under mediocre leadership which most of US unknowingly pro 
vide to them. What was just sufficient wäs to ‘Ring the Bell’ in 
the words of Bacon. I searched for à definition of project which 
even I could not find in literature and develop, despite the 
availability of several projects, at my command. 1 began 
to analyse each and every individual project, à job which 


tion, India, the second giant 
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is as difficult as to determine a common pattern of behaviour 
in a group of diverse cranks, in terms of the following variables : 


(1) Get up 
(2) Title of the Project for Ar 
(3) Statement of the Project 
(4) Type ofthe Project : Investigative or Non-Investig- 
ative : Historical, Essay, Bookish or Repetitive 
(5) Selection of the Project. How did it Originate ? 
(6) Materials Required (Given or not Given) 
(7) Introducing the Project (Manner) 
(8) Aims of Investigation 
(9) Survey of Relevant Lit 
(10) Method of Procedure 
(11) Relevant Theoretical/Mathematical Treatment Given 
(If challenged, it becomes the project itself) 
(12) Fórmulation of Hypothesis 
(13) Recording of Observations 
(14) Presentation of Data 
(15) Conclusions Drawn from Data 
(16) Discussion of Results, 
cautions to be Observed 
(17). Nature of Difficult 
(18) Limitations of the 
(19) Brief Summary/Abstract/Synopsis Given 
(20) Additional Problems for Investigation Suggested 
(21) Application of the Project 
(22) Cost of the Project 
(23) Time Required to 
(24) References Consy 
(25) Acknowledgemen 
Received. 


eas in Science Covered 


erature or Review Literature 
or Design of Experiment 


Sources of Errors and Pre- 


ies Encountered and Overcome 
Project 


Complete the Project 
Ited and Suggested 


t, Nature of Help Sought and 


Other factual details regarding the number of 
vations made, diagrams (including photographs) d 
of experiments Performed, number of factual 
and any other specific characteristics of the pr 
were also noted. 


Words, obser- 
Tàwn, number 
Mistakes made, 
oject under Study 


Evaluation of projects 


Each project was first read as a whole. Its Strengths and 


The Variable Illustration of Some Specimen Projects 173 


Weaknesses were recorded. Then the entire project was analysed 
in the context of the above-mentioned variables, one at a time. 
The analysis was revealing but many of the variables could not be 
objectively ascertained. Secondly, no general conclusions could 
be drawn because the projecteers had been only given little 
information in regard to what was expected of them. Thirdly. 
no value judgement on the analysis of the projects could be 
made on the basis of inadequate information and inexplicit 
aims and objectives of project work. Fourthly, it turned out 
to be a deceptive exercise when various aspects and phases with- 
in each aspect for all projects were tabulated and added. 
Lastly, in the absence of any past instructions regarding the 
selection and execution of the project, it became very difficult 
to discern a common pattern. Even in my head, what cons- 
titutes first class project work began to vanish. The solution 
of the problem lay in sleeping over the entire bunch of projects 
or in thinking like a stupid chimpanzee, before the moment of 
insight, sitting on a box quite away from the goal. It was, 
therefore, decided to lay aside the findings of the analysis of 
d develop a backdrop against 


the project reports ; and instea: 
which each project could be observed and evaluated. It is just 


like defining a Hindu who is not a Muslim, Christian or Parsee. 
The ten projects, largely speaking, reported raw in this chapter 
adequately sample the philosophy of project work, that is, the 
act of making task oriented opaque situations transparent 


through scientific methods. 


Procedure for studying these projects 
Both students and teachers are asked to read these projects 
one at a time carefully and note each one's strengths and weak- 
nesses. This exercise Will give them a vague idea of what it 
bly good project for immediate 


means of conducting а tolera 
recognition. In this respect, the following suggestions are made : 


(i Read these projects carefully. Determine thus their 
main strengths and weaknesses. 
(ji) Take the weaknesses one byone. Think how would 
ге them had you been in their position ? 


you remov 
(iii) Study the aims ofthe investigation. Has each one 


of them been fulfilled ? 
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(iv) Read observations and conclusions made upon them 
carefully. Can you Suggest alternate procedures or 
hypotheses and even interpretations ? 

(у) A given Project raises more problems than it answers. 
Make a list of. such Problems around some of the 
projects which directly appeal to you most. 

(vi) Select any one of the problems Which interests you 


most. Read more about this problem. And then 
discuss it with your friends 
(vii) If you fail to 


Project Ideas, 


(viii) If again you fail, read Your text-book carefully. 


Challenge any one of its Statements. For example, if 


you read that a magnet always points in the north 


(ix) Repeata project and improve upon it, if possible. 

(x) Even if you again fail, then iry a non investigative 
project, namely, essay on any one of the recent ad- 
vances in science or historical episodes, 

It is only in one of the above-mentioned wa 


ys that you can 
hope to develop a life long friendship With scie 


nce, 


Some Illustrated Specimen Projects 


Section A 
Physics : 
(1) Measurement of Viscosity of Various Liquids 
(2) A Simple Apparatus for Verifying Boyle’s Law 
(3) Wind Mill ) 
(4) How to Find out the Thick: 


hess Of the Penetration 
of Ink on a Writing Paper 


Section B 
Chemistry : 
(5) Determination of Molecular 


. Weights of Volatile 
Liquids 
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(6) Paper Chromatographic Separation of Copper and 


Iron 
(7) Acidity of Lemon Juice 


Section C 


Biology : 
(8) Micro Organisms Present in Gut of Frog 
(9) Effect of Some Acids on Germination and Growth of 
Some Seeds 7 
(10) A Study of the Effect of Growth Regulators on 
Rooting of Bryophyllum Calycinum 


Section A 
PHYSICS 
1. Measurement of Viscosity of Various Liquids 
Problem 


To arrange different liquids according to their viscosities. 


Introduction 
Whena liquid flows there exists frictional force between 


any two layers of the liquid which retards its flow. This force 
is known as ‘viscous drag’ and the property of the liquid is 
known as ‘viscosity’. When a piece of a denser material falls 
through a liquid, the viscosity plays a vital role imparting to the 
piece a terminal velocity which is constant. C. G. Stoke studi- 
ed this problem ; and from his studies came Stoke's Law in 
which the viscosity of the liquid and the terminal velocity of a 
falling spherical ball were connected as follows : 
n—2/9 g (p—d) а?/у 
where n = coefficient of viscosity of the liquid 
acceleration due to gravity 


g = 

p= density of the ball 

d = density of the liquid 

a = radius of the ball 

y = terminal yelocity of the ball in the liquid. 


to compare the viscosities of differ- 


We can extend this ide 
1 of some denser material fall through 


ent liquids by letting а bal 
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these liquids. It is clear from the above Telationship that the 


viscosity of a given liquid is inversely Proportional to the termin- 
al velocity (which equals distance divided by time). Or, the 
viscosity is directly Proportional to the time taken by the ball to 
fall through a fixed height, Jn simple words, this argument 


shows that more time taken indicates a more viscous liquid ; 
and vice-versa, 


Problem 


To arrange the following liquids according to their viscosit- 
les using Stoke’s Law: (a) water (b) mobil oil (c) kerosene oil 
(d) glycerine (е) alcohol (f) coconut oil. 


Material 


(i) A burette nearly half meter long. 
(ii) A burette stand 
(iii) A stop watch. 
(iv) A steel ball (bearing). 

(v) A powerful magnet. 

(vi) Liquids mentioned above. 


Viscometer, 
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tically in a burette stand. The 
quids. A small steel ball (3.2 
the liquid. For some time, 


A burette (50 cc) is fixed ver 
burette is filled with one of the li 


mm diameter) is dropped through 
the speed of the ball will go on changing but after some dist- 


ance it will attain a terminal yelocity and this terminal velocity 
To find out the terminal velocity, 


will then remain constant. 

the time taken by the ball to fall through a fixed distance, is 

noted. The time taken by the ball to fall through the distance 

between two fixed marks (0 and 50) on the burette is recorded 

with the help of a stop watch (1/10 sec.). With the help of 

the magnet, the ball is then lifted from the bottom of the 
The time of fall 


burette well above the upper mark and let go. 
between the fixed marks is again recorded. This process is 


repeated a number of times and the mean time is determined. 
leaned and filled with the next liquid 


The burette is then с 
and the same procedure is repeated in order to find the mean 
time of fall of the same ball between the same fixed marks. 

In this way, the times of fall of the ball through the same 
height in all the liquids given are determined. 


Sample Liquid Distance Time Mean 
number fallen taken time 
(ху) (sec) (sec) 
1 2 3 4 
1 Glycerine xy 1 ie 
11.3 11.2 
11.2 
2 Mobil oil xy 4.5 
4.6 
4.5 4.5 
4.5 
3i Coconut oil ХУ 1.8 
` 1.7 
1.7 1.7 
1.6 
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03 0.3 
Kerosene oil xy 0.5 


04 0.4 
Alcohol xy 0.6 


0.7 0.6 


Interpretation 


The data suggest that the above liquids can be arranged in 


their decreasing order of 


viscosity as follows : 


1. Glycerine 


2. Mobil oil 
3. Coconut oil 
4. Alcohol 
5. Kerosene ой 
6. Water. 
Conclusion 
The given liquids have been arranged as desired, ‹ 
Limitations 
1. Stoke’s Law is applicable more Successfully for low 
terminal velocities whereas in the case of liquids. like 
Water, alcohol and kerosene oil, the ball falls too 
quickly through the liquids, for its time Of fall to be 
measured accurately by this metho l: 
2. If the liquids differ in their vi 


Scosities by д small 


amount, then Stoke's method does Not give desired те- 


sults for a small height of fall, 
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Problems to be Investigated Further 
1. To investigate the effect of the size ofthe ball on 


terminal velocity. 
To investigate the effect of temperature on viscosity. 


23 
3. To investigate the effect of magnetic and electric fields 
on the viscosity of a liquid. 


2. A Simple Apparatus for Verifying Boyle's Law 


Introduction 
The verification of Boyle’s Law has become quite difficult 


to do with the help of a Boyle’s Law apparatus because of the 
following reasons : к 
(а) It requires about one and a half 165. of chemically 
pure mercury costing about Rs. 200.00 which is very 
ensive for a school laboratory. 

is handled by a number of students 

hem get the mercury spilled in the 
laboratories due to their careless handling. This 
causes a tremendous loss to the laboratory. Some- 
times, the apparatus remains unservicable for a long 
period, as the supply of mercury, due to its dearness, 
becomes very limited. 

(c) The mercury available in the market is not chemically 
pure. This impure mercury leads to wrong results as 
it sticks to the sides of the apparatus or sometimes 
oxidizes at the two surfaces of the mercury in the 


closed and open tubes. 


exp 


(b) The apparatus 
and many of t 


The problem 
Is there any device which can help u 
but without the use of mercury ? 


sto prove Boyle's Law 


Suggested improvisation 
(a) If an intravenous syringe of about 50.0 cc capacity 


is used and an air column is enclosed in it, then the 
Boyle's Law can be verified : for the increase of pres- 
sure on the piston will increase the pressure on the 
enclosed gas which results in decrease of volume of the 


(b) 


(c) 
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gas at the room temper, 
temperature. 

The Boyle’s Law, deriv 
theory of gases, can 
number of molecules р 
gas remains constant. 
The Boyle’s Law With res 
8as can also be proved, 


ature, i.e., at the constant 
ed on the basis of jmolecular 
also be- proved, because the 
resent їп а certain mass of the 


pect to the density of the 


Materials required 


(a) 
(b) 


(c) 
(d) 


A medical hypodermic Syrin 
used for intravenous injections 
A wooden circular са 
piston, 

About one doze: 
An adhesive ce 


ge of 50.0 cc capacity 


P for the upper end of the 


D slotted weights of 1 kg each. 
ment called ‘Araldite’, 


7) 
СА 
2) 


"7i 
VA 
i" 7, 
LÀ 


Boyle's Law apparatus, 
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Procedure 


(a) First of all, a circular. wooden cap with a groove to 


fit the upper end of the piston is prepared to get a 

flat platform to support a number of 4 kg weights. 
(b). Smaller outlet of the syringe. was sealed using a 

special adhesive cement called ‘Araldite’ manufac- 


tured by Ciba Ltd. 


Observations 
(a) Using the apparatus shown in the figure, after the 
piston was greased with glycerine, the pressure of the 
gas Was measured in terms of weights of Кр each. 


The volume was recorded directly from the graduated 


syringe. 
e taken according to the table 


(b) The observations Wer 
given below for the varied positions of the piston and 
the graph showing the relation between pressure and 


reciprocal of volume was drawn. 


^ Pressure Volume 1/Volume 

no. (kg/cm?) { (сс) (cc) 

1 1.6 48.0 0.0208 
2 2.1 45.0 0.0222 
3 2.6 42.0 0.0238 
4 3.1 40.0 0.0250 
5 3.6 39.0 0.0256 
6 4.1 37.0 0.0270 
7 4.6 37.0 0.0270 
8 5.1 34.0 0.0294 


pressure at AJMER was 1.1 kg/cm?. 


Note: Atmospheric 
the graph between pressure and 


Using the above observations, 
volume was drawn. 


Interpretation of data 
The graph of the weight in kg varies reciprocally to 


(a) 
the volume of the enclosed gas which clearly show: 
that within experimental error, the points fall on м 
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Straight line. It shows that Boyle’s Law is quite true, 
їе. Px V— Constant. 

(b) It confirms also the molecular model of a gas as 
suggested in PSSC Physics text book; as the mass of. 
the enclosed gas is taken as fixed according to the 
Boyle’s Law, a graph between number of $ kg 
weights and N/V (where N is number of molecules 
in the amount of gas taken for the experiment) will 
also be a straight line, because ‘N? remains constant. 


Limitations 


Two or three points deviate from the Boyle’s Law curve. 
It might therefore appear that, the verification of Boyle’s Law 
is somewhat fortuitous, However, a closer examination of the 
apparatus revealed a slight leakage, Hence, it would be reason- 
able to conclude that the departure from the Boyle’s Law is not 
so much due to deviation from the gas law but due to an in- 
herent source of error. It is felt that this can be rectified by 


using a suitable grease such as 'APIEZON' used in vacuum 
pumps*?. 


3. Wind Mill 


Introduction 

Our attention was drawn 
in Rajasthan. Several aspect: 
water and to pump it out, (ii) 
by checking evaporation, and (iii) the use 


I felt interested. in harnessing 
"Soil water. The blowing of 
wind has been used to run a wi ill i 


5€ tO construct a 
Several questions : why wind 


“ especially in Rai 2 at 
can be the most suitable design Sep RT 


: for wind mill to be used here ? 
I, therefore, studied the Available information and principles of 
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wind mills. Wind mill is an arrangement of sails or blades 
which willturn the shaft to which they are attached, when ex- 
posed to wind. There are four types of wind mills : 


(1) Multi bladed turbine wheel or American type 


(2) Dutch type 
(3) Propeller type—high speed wheel 


(4) Rotor type. 


Design of the American type wind mill 
In the American type of wind mill, the sail surface is usual- 
ly formed from wooden or metal blades. The sail area is 
changed by opening or closing the blades, either by hand or by 
a suitable automatic governor. The blades are much greater 
in number than the European sails and occupy comparatively, 
a much larger part of the area swept by them. This makes it 
possible to reduce the diameter of the wind wheel, for a given 
power, considerably below that necessary in the European wind 
n wind mill is usually mounted on a tall 


mill. The America 
and may utilize a more simple direc- 


open frame work tower, 1 
tion vane. Power is transmitted from wind wheel to the point 


of power utilization by a reciprocating vertical rod or as in the 
geared type, by à rotating shaft. The useful power actually 
developed in the American type wheel is 10 p.c. The starting 
torque and, therefore, the wind speed at which the wheel will 
start, is largely determined by the blade angle; the greater its pitch, 
‘greater is the starting torque but the running speed is lower. 

To allow the wind wheel to be turned as the direction of the 
wind changes, the upper part of the supporting structure rests 
on rollers so as to rotate about the vertical axis of the tower, 
An auxiliary tail wheel is provided 


often a building of stone. $ 
to maintain the main wheel properly oriented with respect to 


the wind. 
Rajasthan wind condition 

In Rajasthan, wind blows very fast, especially in desert areas 
(it is also an important factor in soil erosion). We can find out 
the wind velocity by anemometer and in the absence of this by 
an improvised apparatus named wind velocity indicator and to 
make it possible to use wind power in running wind mill, to 
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pump out the water from the areas where the water level is not 
more than 200 fect deep. 


Theory 


The kinetic energy (К. E.) of air moving at a velocify V is 
given by 4 MV?— (i) where M is mass of air. 
For a wheel of diameter D, the wind flowing through its cros- 
section in one second is KD*V, where K= constant 


aD? VP 
Мрт 
P= density of air. 
We substitute for M in Eq No. (i) 4 K.E. —kD?V3, 
Power P=K.E./sec.=kD2v3 (where k isa constant). 


Only a fraction of this Power is developed in the mill wheel 


depending on the design, e.g. in American type of wind mill, this 
fraction is 1/10. 


Taking mass of 1 cu. ft. air— 
the wheel in ft. and the wind vel 
Theoretical wind power (H. 
Further, the conditions of 
that the average water level is 


0.0763 Ib., the diameter (D) of 
ocity (V) in mph. 

P.) —5.36 x 10-8 x D? x vs 

water level іп Rajasthan suggest 
about 200 to 300 ft. deep. 
Calculation for the diameter of the wheel 


of a wind mill 
1. Average depth of the wat 


er in the drought effected 
area—200 to 300 ft. 
2. Average wind velocity in the drought effected 
area—15 to 20 mph. 


3. Power of the wind mill re 


£ 3 .. fL through pipe of 2" 
diameter with a water velocity of 10 ft. per second i$ 


given by : 


т 


12 2 
P= 2х5 X 13X10x 624x300 Ib, we, 


п 2, 2 10х62.4х300 52 
= 1х 


1203/75 sso =7 H.P 

Since actual power developed in the Ameri 
is 10 p.c., the theoretical power of the wind m 
more than that of the wind mill. 


Сап type wheel 
USt be ten times 
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ie. Theoretical wind power 52/7X 10 H.P.=75 H.P. nearly. 
4. To develop theoretical wind power of 75 H.P. with a 
wind velocity 20 ft./sec., the diameter of the wind mill 
wheel is given Бу: 
75=5.36 x 10-6 x D? xvs 
75 x 10° 75 x 108 
аа OSA rer 
orD'— 536x208 — 5.368 
75 х 108 : 
or D ——$36x8 =42 ft. nearly. 
А model of the wind mill can be constructe 
the above data suitably as given below : 
Depth of the water=30 ft. 
Diameter of the ріре=1" 
Velocity of the water through pipe—1 ft./sec. 
Required power of the wind mill 
3.14x1x1 
= 5251021 12х12. 62.4 x 30X 1/550 H.P. 
3.14x1.3 
=w =0.1855 H.P. 


r—0.1855 x 10 Н.Р.=1.855 Н.Р. 


d by reducing 


Theoretical wind powe 
—2 H.P. nearly. 
= 2—5.36x 10-5x D? x v8 


2x105 
2. 
D*— 536 x20° 
2x10? 
or D= 536x8 —6.8 ft. nearly. 


millon the ground, a proper size of 


To support the wind 
footing is provided. The footing can be fabricated from steel, 
giving sufficient area at the base to resist the tilting of the wind 


mill. On this footing, we Сап rigidly attach a pedestal so as to 
mount the wind mill at the required height properly. In our 
model, this height is 8 ft. Onthe pedastal, we shall provide 
suitable bearings for the rotating wheel of the wind mill. The 
wheel of the wind mill shall rotate in a vertical plane. The 
wheel shall be fabricated of three steel rings of diameter 7’, 5’ and 
3’. These steel rings will have aluminium blade equally spaced 
all around their peripheries. 
The motion of the wheel is transmitted to thi 

through chain and sprocket wheel mechanism. St iS 

r 


186 How Children Discover Knowledge 


shaft, the motion is given to a pump by some suitable mecha- 
nism. 


Materials required 

Pedestal— 11” G.I. Pipe of 8” length. 
Tron rods (steel) —2” of 30" length. 
Aluminium sheets—20 Sq. ft. 
Sprocket and chain — one Set. 
Pump—Rotary or Reciprocating, 
Pipe—1" or 3/8” of 45 ft. length. 
Screws, nut bolts, etc. 


NAVA YN 


Working 
When wind blows with 


a certain velocity, the wind 
power is developed in it, 


10 p.c. of this wind power is actually 
Which puts its wheel into motion. 


Conclusion 
In Rajasthan, 
wind mill can be Successfully used 


model could not be taken 
up because of shortage of funds and time. 


Further questions 


1. What determines the power ratio in the wind mill ? 

2. What design of blades, blade angles, and number of 
blades should be chosen ? 

3. How should the trapped energy be 
period when wind does not blow ? 

4, What should be an alternative to the pump ? 


5, Can the indigenous system used in Village (RAHAT) 
be utilised8? 


Stored for the 


4, How to Find out the Thickness of the Penetration of Ink 
j on a Writing Paper 
Why this problem ? 


One day, І Was writing an essay in my Note-book, Suddenly, 
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my pen leaked and a drop of ink fell on the paper. I brought 
a piece of blotting-paper and applied it to the drop. Imme- 
diately, the blotting-paper soaked the ink, which came on the 
other side of it. Thus, the ink penetrated the whole of the 
Width of the paper. At that time, it struck me that it would 
be interesting if I could measure the thickness to which ink 
penetrates on an ordinary writing paper, while writing on it. 
I thought over to solve this problem. 


Hypothesis ; and help sought 

First it was thought that it might be possible to measure 
the penetration of ink with the help of a screw gauge. The 
thickness of the paper was found out with the help of a screw 
gauge and it was about -00725 cm. Then letters were written 
onthe paper and carefully erased with the help of a blade. 
'Then the thickness of the paper was again found out at the 
place where the letters had been erased. It was observed that 
the thickness was of the order of 10-73 cm. It also showed a 
great variation from point to point. I talked about this prob- 
lem to my science teacher. He pointed out that the paper was 
not uniformly porous andto find the average thickness of the 
penetration of the ink, a large number of observations would 
have to be made. To avoid this, he asked me to try some 
other method which might give more accurate and average 
results. 

To apply this idea, ; 
face of the paper should be utilize 
brush was used instead of pen an 
smeared with ink uniformly. To 
of observations, the following 


mind. 
First the weight of the paper may be found out. Then the 
dimensions of the paper may be found out. Then density of 
dividing mass by the volume 


the paper may be calculated by 
and the paper may be uniformly smeared with ink with the 


help of a brush. When it dries, the ink may be erased with 


the help of a blade. 

Then the pape 
would give the weight of the 
weight by density of the paper 


ught that whole of the sur- 
d in this experiment. So a 
d whole of the paper was 
avoid taking a large number 
method developed into my 


it was tho 


г may be again weighed. The difference 
paper erased. By dividing this 
already found out, we get 
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volume of the papererased. By dividing the volume of the 
paper erased by the area of the paper, we get the thickness of 
the paper erased. This is surely the average thickness to 
which the ink penetrated. 


Suggested proceedure 


According to the suggestion of the teacher, first this method 
was tried out on a thick card-board ; then on a thick paper ; and 
then finally on an ordinary unruled writing paper. 


Presentation of data, calculation and result 


The observations, calculations and results are now given 
below : 


For Card-Board 


Weight of the card-board —98.055 gms. 
Length of the card-board о 
Breadth of the card-board —11.6 cm. 
Least count of the screw-gauge —0.0005 cm. 


Observations for the thickness of card-board - 


S. Main scale Circular scale Total Average 
mo. reading reading thickness thickness 
(cm) (cm) (cm) (ст) 


р Na аы Нау Л: 


1 0.3 11x.0005— .0055 0.3055 
2 0.3 26X.0005= .0130 0.3139 
3 0.3 43x.0005= 0215 0.3215 0.3135 
4 0.3 35x.0005— .175 0.3175 
5 0.3 20x.0005— .0100 0,3100 
Hence the thickness of the card-board —0.3135 сш, 
Area of the card-board =37x 11.6 
=429.28 Sq. cm, 
Volume of the card-board 737X11.6x0,3135 
: 77134.7423 cc, 
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с A. Mass of the card-board 
$315] Ы = 
ensity of the card: board Volume of the card-boan d 
98.005 
134.7423 
=0.727 рш./сс. 
-board after erasing the ink 
—90.720 gm. 
Weight of the erased card-board=98.05—90.720= 
7.335 gms. 
Volume of the erased card-board 
Mass of the erased card-board 
=Density of the card-board 


7.335 
—QM =10.089 cc. 
Thickness of the erased card-board 

Volume of erased card-board 
= Area of the card-board 


10.089_ 
9: qu OPE cm. 
ased card-board=0.0234 cm. 


Weight of the card 


Hence the thickness of the er 


For thick Paper 


Weight of the thick paper —25.525 gms. 

Length of the thick paper —55.9 cm. 

Breadth of the thick paper —23 cm. 
=0.0005 cm. 


of the screw-gauge 
thickness of the thick paper :— 
Total Average 


Least count 


Observations for the 


S. Main scale Circular scale 
no. reading reading thickness thickness 
3 (cm) (cm) 


(cm.) (cm) 
53 x .0005 —.0265 0.0265 


50 x .0005— .0250 0.0250 
38 x .0005=.0190 0.0190 
48 x .0005— .0240 0.0240 0.0232 
51 x.0005—.0225 0.0225 
45x .0005= 0205 0.0205 
39 x .0005—.0195 0.0195 
52x .0005 =.0260 0.0260 


OIAKH EWE 
oooooooo 
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Hence, the thickness of the thick paper 


—0.0232 cm. 
Area of the thick paper — —55.9x23 
; =1285.7 sq. cm. 
Volume of the thick paper =55.9 x23 x 20.0232 
=29.8284 сс. 


-e Density of the thick paper 
Mass of thick paper 
~ Volume of thick paper 
_25.525 
~ 29.8284 
=.856 gm./cc. 
Weight of the thick Paper after erasing the ink 
—19.278 gms. 
Weight of the erased thick рарег=25,525— 19,278 
=7.247 gms. 
Volume of the erased thick paper 


— Mass of the erased thick paper 
Density of the thick paper 


247 
856 ^ 8-466 cc. 
Thickness of the erased thick paper 


— Volume of the erased thick paper 
Area of the thick paper 


8.466 
=12857 ==0.0068 cm, 
Hence, the thickness of the erased pa 
For Ordinary Writing 
Weight of the paper = 3.787 gms, 
Length of the Paper —33 cm, 
Breadth of the paper —20.5 cm. 
Least count of screw gauge—0.0005 cm, 


Per=0.0068 cm. 
Paper 
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Observations for the thickness of the paper are given 


below :- 
S. Main scale Circular scale Т; 
л otal Average 
no. reading reading thickness igen 
(cm) (cm) (cm) (cm) 
E 0 15x,0005—.0075 0.0075 
3 0 16x.0005—.0080 0.0080 
ч 0 14x.0005—.0070 . 0.0070 0.00725 
© 0 13x.0005—.0065 0.0065 
Hence, the thickness of the paper —0.00725 cm. 
Area of the paper=33 x20.5 = 676.5 cm. 
3 x 20.5 X .00725=4.906625 cc. 


Volume of the paper—3. 
5 5 Mass of the paper 
. Density of the paper Mae othe pEpet 


3287. _ 

—- 3.906625 =0.77 gm./cc. 
r after erasing the ink=3.005 gm. 
3.787—3.005 —0.782 gm. 


Weight of the pape 
Weight of the erased paper— 


Volume of the erased paper 
Mass of the erased paper 


—pensity of the paper 
0.782 _ 
=077 =1.015 cc. 


2. Thickness of the erased paper 
Volume of the erased paper 


= Area of the erased paper 
1.015 
~ 676.25 
=0.0015 cm. 
Hence, the thickness of the е 


writing waper=0.0015 cm. 
Hence, the ink penetrates to the depth of 


0.0015 cm. in the ordinary writing paper. 


rased, ordinary 


Conclusion 
The same ink penetrates more into the thick paper and less 


in thin papers. Secondly, I noted that the depth of the paper to 
which ink reaches is greater in case of rough papers and lesser 


in case of art papers‘. 


192 How Children Discover Knowledge 


Section B 
CHEMISTRY © 


5. Determination of Molecular Weight of 
Volatile Liquids 


The starting point 
Molecular weight of yo 

Meyer’s, Duma’s, 

cumbersome as well as the Cost o: 


Certain modifications 


have been made in the suggested equipment. 


Materials used 
Syringe — 100 ml — one 
Syringe — 5 ш] — one 
Wood from packing case, electric bulb (100 watts), 25 cm 


glass tube (6—8 mm diameter), mercury 2 ml., a glass plate of 
25 cm X 25 cm and thermometer. 
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Method 
Fit the syringe A (100 
diagram, in the wooden 


ml) and В (5 ml) as shown in the 
box of size 25 cm X 25 cm X 25cm 


made from wood. One side of the box should have glass. In 
order to make the box better insulated, lining of asbestos pad 
can be given. Fix the bulb C, connecting it to the mains 
through the U-tube made from the glass tubing containing 
mercury. This arrangement works very well for controlling 
the temperature within 0.5 oC, Fix thermometer as shown in 


the diagram 


Procedure 

Connect the bulb to the mains and wait till the temperature 
of the box is 100 °C. Fill the syringe B with the experimental 
volatile liquid. Inject the liquid in syringe A, wait till the 
volume of the vapour in syringe A is about 50 to 60 ml. 
Note the volume of the liquid pushed in from syringe B. Note 
the atmospheric pressure. From the density of the liquid, 
find out the weight of the liquid pushed in. Calculate the 


molecular weight by applying gas equation. 

Another method of finding out the molecular weight is to 
have two volatile liquids. The molecular weight of one of the 
liquids should be known. Inject the liquid whose molecular 
weight is known in the large syringe so that the volume of the 
vapour is 50 ml. Find out the weight of the liquid injected. 
Empty the syringe A. The other liquid whose molecular 
is pushed in syringe A till the 


weight is to be determined s | 
volume of the vapour is again 50 ml. Find out the weight of 


the liquid injected. Molecular weight is calculated from the 


formula : 
wt. of 50 ml of liquid vapour of known mol. wt. 


mol. wt. of known liquid 


mol. 


Molecular weig 
mined with this apparatus within + 


equipment was about Rs. 30/-. 


wt. of unknown liquid 
hts of chloroform and acetone were deter- 
2%. The cost of the 
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Further problems 


: Ns 5 ? 
Сап we use this equipment for verifying Charle’s law ? 
Think of some other utility of this equipment 5. 


6. Paper Chromatographic Separation of Copper and Iron 
Introduction 


Chromatography is a modern te 
city. It is a far more subtle meth 
traditional chemical techniques o 


with reagents and crystallisation. According to Beaver, “The 
fieldis so new that it is Open to all comers. The amateur has 
a good chance of making a worthwhile contribution to the 
technique.” We, students of the Pre-degree Course in Kerala, 
have to study very little on chromatography. We have to 
study what is meant by the terms “Adsorbent”, ‘“‘Chromato- 
graphy”, “Elution”, *Eluent? and how a mixture of copper 
and nickel salt solutions can be separated on a column of 
alumina. Like many other students, I was also fascinated by 
this very interesting technique which is similar to the for- 
mation of a spectrum on Passing white light through a prism. 
One day I came across an article in a journal in which the 
author had given an ingenious, simple method’ of separating 
mixtures of metallic salts in Solution on chromatographic paper 
(descending type) using a cheap home-made apparatus consist- 
ing of a large test tube, a glass tube, few paper clips and some 


glass pieces. It was the simplicity of the experiment that ins- 
pired me to select this project, 


chnique of beautiful simpli- 
od of separation than the 
f distillation, precipitation 


Selection of the problem 


Here an endeavour is made to study the effect of the con- 
centration of the solvent on the Rẹ value of the substance 
dissolved in the solvent and the efficiency Of separation of a 
mixture of twO substances jn solution. The separation of 
iron and copper Was selected. The phase on which the subs- 
tances separate WaS paper. The particular reason for choosing 
paper chromatography is its simplicity. 
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Theoretical background 
The R; value of a substance for a particular solvent mea- 


sures the rate at which the dissolved substance advances with 
respect to the solvent, when the solution spreads upon the 
material. Thus, if the solvent advances through a distance Lı 
units, while the dissolved substances moves through a distance 
La units at the same time (both distances being measured from 
the point where a spot of the substance is applied, then 
the R; value of the substance for the solvent is given 


Ls 


ЕТА 
Тл? that 1s, к=, 


by 


a, position of the spot 


chromatograph paper 


Spot_of the SUDSCONCE 


Definition sketch of Rt value, 
If the spot applied is a mixture of the solutions of two 
metal salts, say, those of iron and copper, then the ratio of 
ular concentration of the solvent is a 


their Ry values in à partic 
f separation. Greater the variation of 


measure of the efficiency О. 
the ratio of the R« values of the substances from unity in a par- 


ticular concentration of the solvent, greater will be the separation. 


Experimental work 

The experimental wor 
values of iron and copper 
tions of the solvent, perch 
paper chromatography was used. 


k consisted in determining the Кү 
perchlorates in various concentra- 
loric acid. The ascending type of 


Design of apparatus 
The apparatus used 
jar (5 ems in diameter а 


was simple. It consisted of a measuri 
rin 
nd 30 cms long) closed with a EY 
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holed cork carrying a tube bent as shown in the figure below, in 
order to facilitate the suspension of the chromatograph paper on 
it. Near the other end of the Paper, a small glass piece was 
suspended horizontally, so as to hang the paper vertically. The 
length of the paper was adjusted so that its end and the glass 


Piece was completely under the solvent (perchloric acid) taken 
in the jar. 


Fused end 


Experimental set ир (not to Scale). 


Papers varying in widths from 
different experiments. Three jar 
and diameter were used together, 
could be performed at a time. 


2-3 cms were used for the 
S of about the same length 
So that three experiments 


Materials used 


(1) Perchloric acid. 60% perchloric 
able in the laboratory. Using this, 
of perchloric acid were prepared 
required volume of distilled water a 
sodium carbonate (guaranted reagent- 

(2) Neutral solution of ferric 
was treated with perchloric acid to 
There was no change. This seems 
first prepared ferric hydroxide by 
solution with excess of ammonium 
tated ferric hydroxide was filtered, 


acid (Riedel) was avail- 
different concentrations 
by diluting it with the 
nd Standardising against 
5. Merck), 

Perchlorate. Ferric oxide 
see whether it dissolves. 
to be due to aging. So 
treating ferric chloride 
hydroxide. The precipi- 
Washed with distilled water 
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until free from ammonia and then treated with perchloric acid 
to obtain a neutral solution of ferric percholorate, that is, 
till no more of the ferric hydroxide dissolved. The undis- 
solved ferric hydroxide was removed by filtration. 

(3) Neutral solution of cupric perchlorate. As a first 
step, cupric oxide was prepared by heating the pale blue 
precipitate of cupric hydroxide obtained by adding excess of 
sodium hydroxide to copper sulphate solution. The black 
precipitate of cupric oxide was washed free from alkali, filte- 


red and treated with perchloric acid to obtain a neutral solu- 


tion of cupric perchlorate. 
(4) Developing reagent. Potassium ferrocyanide. A 2% 
ocyanide was used as the developing 


solution of potassium ferr e 
Jour with ferric salts and a cho- 


Teagent as it gives a blue со 


colate brown colour with copper salts. 
(5) Chromatographic paper. Whatman No. 1 filter paper 


was used. р ' И ү 

(6) Perchlorates and perchloric acid. Perchloric acid and 
perchlorates were selected for the work, since they are maxi- 
mally ionised in solution. 


Procedure 
Cut out astrip of whatman No. 1 filter paper (about 27 
cms long and 3 cms wide). Suspended this from the glass 
holed cork, and kept it in posi- 


tube introduced into the one-ho!ec 
tion with the help ofa paper clip. Near the other end of the 


all holes were made in order to introduce a 
small glass piece horizontally through it. This glass piece 
served to keep the paper vertical. A small dot was made 
with a pencil on the paper ; about 3 cms from the bottom end. 
With the help of а micro-pipette, а spot of the ferric per- 
chlorate solution was made on the pencil dot. Allowed the 

of 0.83N perchloric acid was 


spot to dry. About 25 cc of l 
taken in the measuring Jar, which was previously washed and 
cleaned. Now inserted the cork with other attachments into 


the mouth of the jar. Саге was taken. to sec that the paper 
was exactly vertical and that the spot. was well above the level 
of the solvent in the jar. Waited till the solvent had advanced 
to a good, reasonable height. Took out the paper and imme- 
diately marked the solvent front with a pencil. The paper 


paper, two sm 
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was allowed to dry in sunlight. When the paper was perfectly 
dry, it was sprayed with potassium ferrocyanide solution with 
the help of a spraying gun. A blue colour was developed at the 
contact place of iron and potassium ferrocyanide. The position 
of the blue colour was marked and distances Lı and 1, 
(refer diagram on page 195) were measured and В; value was 


calculated. Ry = I where Le and І, are the distances 


advanced by the substance and the solvent respectively. The 
experiment was repeated using perchloric acid of varying 
strengths and in each case the К; value was determined. Per- 
formed the same experimental procedure in the case of copper 
perchlorate also. In the case of copper, the colour produced 


by potassium ferrocyanide is chocolate brown. The readings 
were tabulated. 


Observations 
; Distance Distance it 
Acid moved by ce Average 
No. strength La) Cano! the solvent f Li Rt 
a (L4 ) cms 
For Ferric Perchlorate 
1 0.83 N 8.2 10.5 0.780! 65 
82 10.4 0.7884 Pike 
2 0498N 8.5 11.5 0.7391 0,7391 
3 0.415 N 8.3 11.2 0.74 2 
73 10.5 07335 07372 
4 0.2075 N 6.4 10.3 0.6214 0.6214 
5 0.0833 3.7 10.2 0.362 
33 10.5 0.3957 0.35745 
For Cupric Perchlorate 
1 0.7 N 10.3 11.9 0.866 0.866 
2 0.42 N 10.0 12.0 0.833 0.833 
3 0.35 N 9.15 10.75 0.836 0.836 
л 0.175 N 7.9 10.2 0,775 0.775 
N 6.1 11.5 0.53 
5 007 en 124 0309 10:519 


ааа РЕНА 
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Difficulties involved in the experiment 

1. Inthe case of iron, it was noted that as the solvent 
ascended the paper, it bent into a V-shape form on coming into 
contact with the spot, and then after sometime, the solvent 


front became almost straight. 
2. In the case of iron, diffused V-shaped zones were obtain- 
ed in all the experiments on development of the blue colour 
with potassium ferrocyanide. So took the base of the “V’ as 


the final position occupied by iron for calculating Rr values. 

3. In the case of copper, there was а certain greenish-blue 
colour development on the paper where the solvent had touched. 
This may be due to the presence of impurity: iron. 

4. The chocolate brown one formed in the case of copper 
was oval-shaped. Took the centre of this oval-shaped zone as 
the final position of copper for calculating its Rz values. 


Treatment of experimental data and interpretation 
A graph was drawn taking concentrations of the solvent 
along the x-axis and Ry values along the y-axis, to see the 
variation of Rr value with concentration. It is seen that the 
tration 0.25N in each case. 


variation is high up to acid concen 
the В; values are plotted 


The shape of the graph shows that if Д 
against log concentration of the acid, a straight line graph must 


result. The graph was drawn and it was а straight line. 

It showed that irrespective of the acid concentration, the 
difference in the Rr values of iron and copper remains more 
or less the same. ncy of separation is indep- 


Hence, the efficie 
endent of the concentration ofthe acid employed. This is true 
only above a certain concentration of the acid, since below this 
concentration, the zone formed spreads all over the paper with- 
out any definite shape. It is preferable to use acid concentra- 
tions above 0.2N as the solvent, since there is a definite shape 


for the band and spreading is minimum. 


Summary 
The paper 
rates were perfo 


found that the Rs value incre 
оп of the acid’. 


chromatography of iron and {copper perchlo- 
rmed using perchloric acid as the solvent. It is 
ases, in both cases, with increase 


in concentrati 
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7. Acidity of Lemon Juice 


Since long, 


we have been using lemons and oranges as a part 
of our meals, 


Common experience is that they are sour in 
taste. In my chemistry class, I learnt that acids are also sour 
in taste and they react with metal to give hydrogen. I thought 
if all mineral acids give hydrogen when reacted with metals, 
lemon or orange juice must also give hydrogen if allowed to re- 
act with metal. The qualitative generalization made an in- 
teresting opening for the search of a quantitative relationship. 


Statement of the problem 


To find out the amount of acidity in one ml of lemon juice 
in terms of volume of. hydrogen generated. 
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Materials required 
Lemons, few small test tubes 4^ X 1", beaker 500 ml, graduat- 
rubber bands or strips, 


ed tube closed at one end or burette, 
magnesium ribbon of good quality, spirit lamp, glass tube with 


fine jet at one end and filter paper. 


Method 

1. First of all, magnesium ribbon was placed in lemon 
juice to see whether or not lemon juice reacts with 
magnesium. In this case, reaction started after 1-2 
minutes and it was Very slow. 
Collected one ml fresh lemon juice ina small semi- 
micro test tube and added water to fill it to the top 
of test tube. Placed one inch piece of magnesium 
ribbon into the solution and attached a fine jet to the 
flask. Immediately inverted a graduated tube 
(eudiometer tube) over the jet and held the tube in 
upright position as shown in the diagram. Collected 
the evolved hydrogen gas. Repeated these with one 
rom fresh lemons and lemons kept for dif- 


ml juice fi 
ferent periods (after one day, two days). 


N 


Precautions 

1. Noair should enter the graduated tube. 

2. Hydrogen bubbles should not escape from the gradu- 
ated tube. 

3 Before the first bubble from small test tube escapes, 
graduated tube should be inverted. б 

4, When no more bubbles come out, juice should be 
tested with methyl О: 

5. Magnesium ribbon S. 
diluted solution of juice. 


Quantity of Volume of На 


range. 
hould completely dip inside the 


S. Approximate дис 
No. age juice (ml) produced (ml) 
1 Fresh 1.0 16.2 
2 Less fresh 1.0 15.8 
3 Still less fresh 1,0 15.6 
4 Old 1.0 15.1 
5 Older lemon 1.0 15.0 
6 Still more older 1.0 14.8 
1.0 14.2 


x 


Oldest lemon 
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Generalizations 


l. Fresh lemon gave maximum hydrogen: 
Oldest (i.e. 4 days old) gave the minimum. 


Ds 
3. Volume of hydrogen went on decreasing as lemon 
grew older. 


Problems not clear 


1. Reasons for the above findings. 


2. Whether only one type of acid is present or more 
than one are present. 


3. Why the acidity of lemon 


decreased with increasing 
length of time. 


Further problems 


1. Instead of taking observations from one lemon of each 
type, a better procedure would be to try 6-7 lemons 
of same age, then find mean acidity of all. 

2. Check the validity of same generalization from other 
fruit juices, 


3. Check the results from titration data also using in- 
dophenol blue as an indicator, 


Difficulties encountered 


1. Tt was difficult in the beginning to Set up apparatus 


for collection of hydrogen. The apparatus mention- 
ed above solved this problem. 


2. Could not use pure juice but used juice as а whole 
containing fibrous parts’, 


Section C 


BIOLOGY 


8. Microorganisms Present in Gut of Frog 


Introduction 


This is uniqueness of nature that man 


Y organisms live inside 
other organisms and adapt themselves с 


Ompletely to that en- 
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form all the activities of a living 
f such organisms but I had 


to get a glimpse of such 


vironment and in that they per 
being. І had read about many 0 
never seen опе. So I was curious 
Organisms. 


Selection of the project 

Almost all of the larger animals. must be lodging these 
smaller organisms inside their systems. I selected the frog to 
ilable and it is 


study. As frog is an animal which is easily avai 
r India. This animal is handy 


studied at school all ove 

also. So I thought it would be better if I search in frog for 
these organisms. AS it is easier to look for these micro- 
organisms in gut 50 I thought I would search for these or- 


ganisms there. 


Statement of the problem 


To find out types of microorganisms present in gut of frog. 


Hypotheses 
(i) Many microorganisms are likely to be present in gut 
of frog- 


m will be protozoans. 


(ii) Most of the 
hem will be found in rectum. 


(iii) Majority of t 


Materials needed 


Microscopes, slides, | 
petri dishes, graduated jar, balance. 


stain, dissecting dish, dissection box, 


Procedure 

Saline solution of 0.7% concentration was prepared by add- 
ing 3.5 gms of sodium chloride in 500 сс of water. Five fresh 
frogs were made unconscious with the help of chloroform. 
Their alimentary canals, were exposed and brought out one by 
one. Each alimentary canal was divided into 3 pieces. (i) 
Oesophagus + Stomach; (ii) Intestine, (iii) Rectum. Now there 
were 5 pieces of Oesophagus and Stomach, 5 pieces of Intestine 
and 5 pieces of Rectum. Each piece was put in a petri dish and 
small amount of saline water was added to each dish. The 
quantity of saline water was such that each part was completely 


immersed in saline solution in their respective petri dishes. Saline 
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solution was used here as it provides the Organisms same еп- 


vironment which is Present in alimentary canal. Petri dishes 
were labelled. 


one by one. This study уу; 


one by one, of the (i) Contents of Oesophagus and Stomach, 
(ii) contents of Intestine, (iii 


tubes. Saline solution was d 


quired amount of 70% alcohol was added. Next day alcohol 
was decanted from each 


were again transferred to Tespective petri dishes. Slides were 
ained with methylene blue and 


Observations 

Microorganisms were found in all the 3 parts of alimentary 
canal. They were easily identified underliving condition due 
to their movement. The fixed Specimen could only be identifi- 


Tvations already done about living 
specimens. 


All the microorganisms could not be identified, 


Interpretation of data 


The common microorganisms found in the 
Round worm, Nyctotherus, Opalina, Copromo 
Euglena, Ѕупига, Spirostomum and Trematod, 


gut of frog are : 
nas, Balantidium, 


Conclusions з : 
1, Many microorganisms were prese 
2. Most of them were protozoans. 
3. Majority of them were found in rectum. 


nt in gut of frog, 


" 


The Variable Illustration of Some Specimen Projects 205 


Microorganisms present in Gut of Frog 


ROUND WORM 


COPROMONAS 


OPALINA 


BALANTIDIUM 


EUGLENA 


which could not be identified 


present in gut of frog. 


Microorganisms 
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Limitations 
l. All microorganisms could not be identified. 
2. It would have been better if living specimens could 
have been Observed. 
3. Permanent slides of parasites Could not be prepared. 
4. Vital stain could Not be given to microorganisms. 


Further investigation 


9. Effect of Some Acids on Germination and Growth 


Introduction 

In addition to water, light, carbon dioxide and various other 
materials absorbed by а Plant from its environment, other 
chemicals are required for Plant growth, These substances are 
called hormones. By appropriate experimental technique, we 


Japanese physiologists ang chemists isolated from the fungus 
gibberella, several growth Medium substances, some inhibitors 


The above facts aroused our curiosity in understanding more 
about growth regulators. Hence we selected this project. 


Aim 
Our aim was to find out the effects of : 
1. Gibberellic acid on germination of peg seeds and 
growth of the seedlings, 
2. Gibberellic acid on germination and growth of gram seed, 
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nation and growth of pea seed. 


3. Phosphon on germi 


4. Phosphon on germination and grow! 


Soaking: 24-4-69 
$ Fifty seeds each of p 
tions of 0.5501% of gib 
four containers. 


150 seeds each of bo 


th of gram seed: 


ea and bengal gram were soaked in solu- 
berellic acid and 0.5501% phosphon in 


th the seeds were taken 
containers. 


and soaked in water in another two 
24 hours. The observations 


We examined the seeds after 
made are summarised in the following ta 


24 Hours after Soaking 


Table 1. 


Pea seed 
control group 


bles. 


Gram seed 
control group 


Seeds got swelled up. Testa 


Seeds got swelled ир by ab: 
f of almost all have been burst- 


sorption of water. Testa 0 
about 10% have bursted 


Soaked in gibberellic acid 
The testa of about 40% have 


bursted. The radicle has not 
elongated 


Soaked in phosphone 


The seeds have swelled up but 
testa of none of the seeds have 


ed. About 50% have germ- 
inated. In some the radicle 
was 2 cm long and in some 


others 1 cm 

Soaked in gibberellic acid 
Only à single one (2%) has 
germinated when all have 


swelled up 


Soaked in phosphone 


The seeds have swelled up 
but testa of one (2%) of the 
seeds have bursted 


Planting : 25-4-69 11.30 a.m. 


The pots were arranged as foll 


14(45-55/1972) 


OWS : 
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Table П. Pea and Gram Seed 


ES MI UNES 117 — 


Pea Gram seed 
1 Control growth a ay 
2 Soaked in gibberellic acid b b, 
3 Soaked in phosphon [3 c 
4 For application of 
gibberellic acid d dı 


5 For application of 
phosphon 


e е 


We observed the 
development. Ў 
Ten pots were selected and filled with a mixture of soil an 


sawdust. The seedlings were planted 25 in each pot and 
watered regularly. 


Pots daily and noted the differences in 


1. The seeds soaked in gibberellic acid showed greater 
elongation of shoot in the beginning. 

2. The seeds soaked in phosphon showed no sign of 
germination throughout the period of project work. 

3. The gram seeds soaked in gibberellic acid did not 
show any marked difference in growth when com- 
pared to contro] growth in the beginning. 


The length of the shoots in the 


and noted in the tabular column, П. The graphical represen- 
tation of growth is also made, There was greater elongation 
in shoots in the pea plant soaked with gibberellic acid than the 
control group. But in gram seeds, there was no notable 
difference. We examined the Toot system of pea and gram 
seed in order to see the effect of gibberellic acid on it after five 
days. The root system of gram seeds of control group showed 
hort tap toot with numerous branches. But the gram seed 
Ate d in gibberellic acid had much elongated tap root with no 
5 
ше of the seedlings were preserved in 10 p.c, formalin. 
h B aspectivé lengths of roots for gram seed Soaked in water 
т 5 gibberellic acid were found to be 7.6 cm and 13.5 cm, 


pots was measured daily 


The Variable Illustration of Some Specimen Projects 211 


Application :1-5-69 
The solutions were 
and 0.5501% phosphon. - 
We applied the solution wi 


prepared in 0.5501% gibberellic acid 


th a smooth brush to the shoot 


System by gentle rubbing. The effect of gibberellic acid on the 
shoot of gram seed was greater than that of pea seed (see 
table). In gram seed and pea seed, the tallest were the seeds 
soaked in gibberellic acid and shortest in the controls. When 
phosphon was applied, the plants did not grow and within two 
days all died. We transplanted some pea plants and gram 
plants from the control group for application of phosphon. 

2nd stage 7-5-1969 

llic acid 1.19% and phosphon 0.220125. 
Difference in growth was measured and noted in the table. 
The higher concentration had tremendous effect in the elonga- 
tion of shoot, - After 17 days, the rate of growth in the pea 
and gram seed soaked in gibberellic acid showed retardation of 
speed in growth (see table). 


Application of acids : 
We applied gibbere 


Inference  * 

Gibberellic acid when applied to pea produced hyper elonga- 
tion effects on stems. It also resulted in diminution of leaf 
area. We noted that the application of gibberellic acid to the 
dwarf pea caused the dwarf to assume the tall appearance. It 
is remarkable to note that the peas soaked in gibberellic acid 
showed much elongation of stem than the seedling in which the 
pibberellic acid was applied in eee and leaves. In gram seed, 
gibberellic acid has no notable effect on stem whereas it has 
great influence in the elongation of root which has already 


been mentioned. 


The application of phosphon on. gram seedlings has adverse 


effects on stem. Most of them died the next day. When 
phosphon was applied оп lesser concentration (0.220195), the 
howed retardation of growth yet they 


pea and gram scedlings S 
did not die. A few auxillary puds began to sprout. 


Conclusion 
have undertaken it was clear that 


From the projects We A 
gibberellic acid and phosphon can stimulate or inhibit growth 
in different plant species. 
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10. A Study of the Effect of Growth Regulators on 
Rooting of Bryophyllum Calycinum 


Introduction 


The root is the descending Portion of the axis of the 
plant. It absorbs water, mineral salts and conducts them to 
the various parts of the plant. Some Plants, besides rooting 


from the root apex, give out roots from their nodes and inter- 
nodes, e.g. mint. Others give 


cuttings. Some plants also give 


(pothos) while in other Cases iti 
plant is in water or in Soil, as in wild TOs 


anui : ©. On account of 
scientific advancement in the 


biologica] Sciences, some growth 
found which 


Sily as stated 
ting this pro- 
ophyllum and 


ficus leaves. In this short duration, ficus, however, failed to 


give roots. 


Materials and methods 
For experimental convenience, EIS 


р m and ficus 
leaves were taken, for no other plant in such 


à short time 
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could produce roots. Healthy natural leaves of uniform size 
Were selected. Chemicals such as indole propionic, uric, 
ы) acetic acids, uracil and 5-nitro uracil were used. 

hese growth promoting substances accelerate rooting. Stock 
Solution of indole propionic acid was made in 95% alcohol 
while phenyl acetic, uric acids, uracil and 5-nitro uracil were 
made in distilled water. Concentrations of 10, 25,50 12/1 


for indole propionic, uric à tic acids while con- 


centrations of 50, 200, | and 5-nitro uracil 
were made, Three leaves Were kept in 
sets of each concentration were prepared of which one was 
kept in the light chamber while the other in the dark. 
The light chamber had a mixed light of 3 fluoroscent and 
4 incandescent lamps. The leaves Were soaked into water with 
the petiole and dripping in it (in the solution for twenty four 
ol in each set was 


hours and were then transferred). A contr 
treated with distilled water- Root and shoot initiation were 


noted as soon as they wer formed, while root number and 
root length were measured seven days after treatment. The 
experiment was terminated 12 days after treatment when visible 


shoots were formed. 

The data presented in tables 1 and 2 are simple averages of 

the total number О length of roots present in all grooves of 
treatment. Table 3 only shows the pre- 


the 3 leaves in each 
sence or absence of shoot formation. 


Results 
Regulators on Root Formation in 


1. Effect of Growth 
yllum Calycinum 


Bryoph 
indole propionic acid did not have any 
{ formation as compared to the con- 
t25 mg/l in the dark (Table 1) 
phenyl ‘acetic acid was found 
to increase the number of roots both in light and dark. Higher 
concentrations had no promotory effect in light but increased 


the number in the dark as compared to control. 
In treatments of uric acid, the number of roots formed was 


very poor in light but in a concentration of 50 112/1 in dark as 


Treatments of 


promotory effect on roo 
trol in any concentration excep 


A concentration of 10 mg/1 of 


pow 
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many as 58 roots per leaf were formed (Table i). Treatments pi 
acil did not promote root formation either in light or in dar 


occurred їп а concentration of 200 mg/l. Generally morg 
roots were formed in all the treatments in dark than in light 
except in the case of 5-nitro uracil. 


Table 1. Effect of Growth Regulators on Root Formation in 


Bryophyllum Calycinum 


Average no. of roots 
Treatments 


per leaf 
Light Dark 
1 Control 15 33 
2 Indole propionic acid 10 ppm 7 4 
» 2598 9 38 
„ SO 5 27 
3 Phenyl acetic acid 10 ppm 16 42 
» 25 6 3 23 
3; SU i, 9 33 
4 Uracil 10 ppm 16 42 
^ PE 3 23 
RU SU ics Decayed 33 
5 Uracil 50 ppm 9 11 
» 200 ,, 16 14 
ООО" 9 29 
6 Nitro uracil 50 ppm 23 24 
E 3 200 , 31 23 
f » 500 „ Decayed 16 


2. Effect of Growth Regulators on Root Length 


Treatment of indole propionic acid increased root length in 
light as compared to Control but in dark the roots Were shorter 
than the control except in 4 concentration of 55 mg/1( Table 2), 
In case of treatments of phenyl acetic acid, t © reverse 
was the case, i.e. the roots were longer than the control in 
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2). In case of uric acid, the 
der control in dark. However, 
Iso promoted root elongation 


the dark than in light (Table 
root length also increased un 


a lower concentration (10 mg/1) а 
in light. As in the case of root number, treatments of uracil 


did not have any significant effect on root length in light. They 
were, however, found to have some promotory effect in the 
dark (Table 2). Although treatments of 5-nitro uracil helped 
in root initiation in light, they did not have as much effect in 
promoting root elongation either in light or in dark (Table 2). 
Generally, the roots were longer in dark but} on account of 
formation of more roots the average length, as shown in table 
2, became lower than their counterpart ‘in the light, especially 


in treatments of indole propionic and uric acids. 


Table 2. Effect of Growth Regulators on Root Length of 
Bryophyllum Calycinum 


Average length of root 


Treatments in mm 
Light Dark 
1 Control 3.9 24 
ionic aci 0 1.9 
2 Indole propionic acid 10 ppm 6 
k » 25 5 5.4 3.2 
2 50 . 4.2 23 
a + а 3.9 3 6 
3 Phenyl acetic acid 10 ppm i 
3^ р 25 » 1.0 2.9 
5 50 > |5) 3.9 
4 Uric acid 10 ppm 4.2 3.5 
5 e$ 2.9 29 
Kee 2 20 41 
5 Uracil 50 ppm 3.1 37 
M 200 » 3.8 3.8 
5 500 ^» 3.5 38 
6 Nitro uracil 50 ppm 1.8 2.6 
» 200 » 3.4 2. 
500 » we a 


ee nea 
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However, only in a Concentration of 50 mg/l 5-nitro uracil, 
no shoot formation occurred in light. In most of the cases, 


only in a few treatments including the Control. In cases where 
shoots were formed, they were weak and cliotated with poorly 


developed leaves. Light was therefore found essential for 
normal healthy growth. 


Table 3. Effect of Growth Regulators 9n Shoot Formation in 
Bryophyllum Calycinum Leaf 


Presence or absence of 
Treatments 


shoot 
Light Dark 
2 Indole propionic acid 10 ppm 4 at 
ay » + en 
» 50 ,, i Е. 
3 Phenyl acetic acid 10 ppm + er 
dus. E ^ 
УИЛ ЗО ТЕ 4 t 
4 Uric acid 10 ppm | " 
5 25^ + Е 
i 50 „ Decayeg lye 
i E 
Uracil 50 ppm | ү 
5 15 0200 05s $ i 
2 0800 , Hh Ж 
D NE bork Ny E 
itro uraci 
6 5-nitro 200 3 + 
э 500 „” Decayeg 
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Discussion and conclusion 
b From the experimental results discussed above, it can safely 
е concluded that treatments of indole propionic, phenyl acetic 
and uric acids promoted rooting in bryophyllum leaves in dark. 
Only treatments of 5-nitro uracil had a promotory effect on 
root formation in light. The root length was also affected 
more by dark than by chemicals as longer roots were formed 
in the former. Shoot formation occurred in most of the treat- 
ments in light. The chemicals, however, promoted the size of 
the shoot and the number of leaves: The shoots in all the 


treatments were formed in light but only а few in dark??. 
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Concluding statement 
has a head, body and feet. 


Like a human body, à project has 1 
It is the individual projecteer's orientation and job to give his 


project a best possible shape within the broad framework des- 
cribed in the preceding It is so because any project can 
be investigated from man. ifferent aspects. This fact should 
not be lost sight of while ma 
project. Once the mind begins to vibrate, ideas for the project 
come from different sources namely, personal speculation; 
speculation on the work of others, newspapers, magazines sed 
project reports. text books and reference books ; conversation 
jends, parents, relatives and teachers off 
> 


with classfellows, fr 
hand remarks, talks and conversation with professional people ; 


е 
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in diverse 
and the frequent encounter of the Same problem in ae 
situations. Under certain conditions, improvisation or 


.(a) Read in Beneral about the 
ing to investigate. Y 
problems and Several 


phenomenon you are go- 
Ой will thus encounter a few 
Sub-problems, 


in stages. One can th 
any desired Stage for a li 
no solution, 


en discontinue the project at 
ited solution is better than 


(c) 


(d) Now try hard to Phrase апа Te 
as sharply as you can, If you 
case that you have not Teally 
Try and try again like king Bruce. 


) Sleep with the Problem for Sometime їп 
(e the aims of your investigation and th 
of tackling it. Select the best Strat 
mentality. and resources, Prepare 


print. 


determining 
€ Possible ways 
€8y suiting your 

a tentative blue 
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Т) ] 
he Variable Illustration of Some Spec! 


s this blue print with your teacher or a 


(f) Now discus 
available nearby. 


professional scientist, if 
improve upon 
ard to aims, hypotheses to be 
perimentation necessitated, 
materials and equipment needed, manner of making 
vations, type of mathematical 


and recording obser 
i ources of errors and 


calculations to be made, likely S 
precautions to be observed. Remember that use of 
mathematic 


s and statistics stren 
sions which can 


be further tested. 
thus tends to be endless in throwing more problems 
than it solves. 


It is through the use of one's con- 
structive imagination that the projecteer as well as 
the scientist tends to con 


trol the erratic behaviour of 
the project by clearly specifying the conditions under 
which the given piece of knowledge Was obtained. 
The dream of the scientist is to explain many diverse 
phenomenon with the help of few concepts and 


principles, aS 


(g) In the light of the discussions made, 


your blue print in reg: 
set up, amount of ex 


far as possible. 


the project demands not only your talents 
but also time. There should be least in- 


(h) Executing 
social obligations while you are 


and tools, 
terference and few 
working on the project. 

ct does not always give 
Do not be disappointed. 


dings are equally revealing 


mber that 4 proje 
dings ог results. 
the negative fin 
— Morley Expt.). 


(i) Кеше 
positive fin 
At times, 
(Michelson 
о requires lot of patience, 
perseverence and emotional stability. 
tends to 50 astray wherever it can ! 
ny unknown difficulties on the voyage 
y,learn to master them cheer- 
odds against you. 
fa faithful record of your project 


(j) Executing the project als 


self confidence, 
An experiment 
There are ma 
of discovery- 

fully even in 
The maintenance о 
is a must: original ideas, 
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Н Е s 
trials and Successes, experiments, even photograph: 
or whatever you deem relevant and useful. 


(К) Like a paratrooper, do not jump to hasty conclu- 
sions. They will be challenged sooner or later. 
Clearly state the limitations of. your project. 


(1) Do not copy or steal other projecteer’s ideas, what- 
ever be the temptation. 
Resist it successfully, instead, suggest new questions, 
hypotheses or even insights on the basis of your pro- 
ject work. Clearly acknowledge the ideas or data 
borrowed or references consulted. 


(m) Write а preliminary draft of your project. Show it 
to your teacher. Do not forget that a project report 
is written always more than once. Make it readable 
as well as presentable. Also make а brief summary 


of your project, Sooner or later your efforts are 
likely to be recognized. 


for us in this country as well... "Scientific work must not be 
considered for the direct usefulness of it. It must be done 


a benefit for all humanity”1!, 


Remember that nobody owes us a living. Like Scientific 
giants of other nations, we have to learn to be independent in 
our thought and action, Through the application of science, 
engineering and technology, we can, unaided, shape beautifully 
the destiny of our poor people in the midst of rich resources. 
CM demands our last thoughts and lives. Let us Dot hesitate 
at this critical Juncture of national adventure | ‘Miles and 

iles to go’! It will, therefore, not be out of place to end this 
um in the immortal words of Prof. Pavloy - 
с 


What can I wish to the youth of my country who devote 
themselves to science ? 
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From the very beginning of work, 


Firstly, gradualness. 
gradualness in the accumulation 


school yourselves to serve 
of knowledge. 


ence before you try to ascend to its 
he subsequent without mastering the 
ves to demureness and patience. 


drudgery in science. Learn, 


Learn the A.B.C. of sci 
summit. Never begin t 
preceding. School yoursel 
Learn to insure yourselves to 
compare, collect the facts. 
Perfect as is the Wing of a bird, it could never raise the bird 
Facts are the air of a scientist. 


up without resting on air. h 
Without them, you never can fly. Without them, your 
“theories” are vain efforts. 


But learning, experimenting, observing, try not to'stay on 
Try to penetrate to the secret of their 


the surface of fact. : 
occurrence, persistently search for the laws which govern 


them. 

Secondly, modesty. Never think that you already know 
all. However, highly you are appraised, always have the 
courage to say of yourself—I am ignorant. 


Do not allow haughtiness to take you in possession. Due 
to that you will be obstinate where it is necessary to agree, 
you will refuse useful advice and friendly help, you will lose 


the standard of objectiveness. 


Thirdly, passion- Remember that science demands from a 
man all his life. If you had two lives that would be not 
enough for you. Be passionate in your work and your 
searchings- 


What will halt our scientific and ‘technological progress will 
not be shortages of materials, equipment and even energy but 
that of bright young projecteers wiling to think, develop ne 
ideas and accomplish the best they are otherwise capable of M 


in the supposed unresponsive environment, 


7. Thumb-Nail 


Investigative Questions and Project Ideas 


eternally provisional nature, and giving hi 
of the dormant implications Which ma 
established doctrine. It also imparts the 
fic judgement by teaching the practice о 


labours will reveal these to the intelligent stude. г 
to him also some of master’s personaj intuitions by which his 
work is guided. T he chooses Problems, selects a 
technique, reacts to t е new clues and to unforeseen difficul- 
ties, discusses other ы 2 Work and ceps speculating all 
the time about a ES Dossibilities Which 

materialize, may transmit a reflection at least of 
visions. This is why 50 often great Scientists follow great 


А bore the clear im- 
print of his apprenticeship under J. J, Thomson, And no less 
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sare found in turn among the per- 


sonal pupils of Rutherford. Some forms of science, such as 
psychoanalysis, can hardly be transmitted by precept. Every 
psychoanalyst today has either been analysed by Freud or by 
another psychoanalyst who has been so analysed, etc. (Perhaps 
a modern version of the Apostolic succession.) Research in 
the chemistry of carbohydrates in Britain has been almost 


entirely the work of four ists, Purdy, Irvine, Haworth and 


scienti 1 
Hirst, who followed each otherin а single file as masters and 
pupils. ; 


than four Nobel Laureate 


a marvel of man's mastery over 
his environment. Through the explosive development of the 
ntrol and understand 


natural sciences, predict, соп 
опей throughout the 


phenomena to an extent never fully envisi d 
uman development prior to the current 


millions of years of h d 
century. The scientific revolution 
ties for human happiness, and through 1 
providing material wealth and long and healthy lives. New 
knowledge and the process by which it 1s obtained, promise a 
spiritual fulfilment unavailable from the dry bones of fatalism 


and mysticism. 


The world we live in is 


its technical arms, is 


uest of nature by the scientist has 
ch to the unknown. Facts and 
tist to the frontier but it is scien- 
frontier of knowledge. 


tal to the сола 
d of approa 
bring the scien 
that extends the 


Fundamen 
been his metho 
understandings 


tific methodology 
—Irwin Slesnick 


Section A 


Introduction i 
Children are, fundamentally speaking, outdoor creatures. 
They become unhappy and bored if they are introduced to 
ithin the confines of the four walls 


science for the first time W 
of the crowded classroom. They read science like alphabets 


from a small book like the one prescribed in Hindi, English or 
Social studies. Even mathematics is no exception. Conse- 
quently, tradition for real understanding and problem solving 
hardly exists in our schools for they still continue to offer a cleri- 
cal system of education. In science, the situation was still 
worse. The teachers themselves were quite ignorant of subject 


15(45-55/1972) 
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matter as well as methodology of Science. They taught science 
because they were compelled to as genera] science was intro- 
duced in the primary and middle schools of the country in à 
hurried manner a few years after independence. The situation 
now, more or less, is the same except a new awareness has 
dawned: а dissatisfying state of affairs like the current one in 
the wake of scientific Tevolution can longer be tolerated ! 


Investigative questions 


We still do not know what sort Of questions arise in our 
children's minds, Perhaps, it 


only to ask questions. Secondly, 
improve science teaching, children’s Curiosity, sense of fun and 
interest are simply short circuited in day to day classroom 
teaching. Thirdly, no intentional effort has been made to 


from children studying in Rajasthan, Himachal Pradesh, Har- 
yana, Chandigarh and 


Delhi. 


Method of procedure 


The procedure employed Was quite simple, After a brief intro- 
duction to the study, 550 pupils Studying in the sixth 
eighth classes wrote about 12,000 problems, on Specially prepared 
booklets and which Continually agitated their minds, Sixteen 
teachers after some briefing Were also requested to suggest some 
worthwhile problems on the basis of their classroom experien- 
ces for the purpose of inclusion in the Curriculum under con- 
sideration. They wrote over 300 Problems, also on specially 
prepared booklets. The same procedure Was employed to 
collect problems from primary School students (N=400) ; and 
the number of problems received from them was over 4000. 
Due to certain physical limitations, it was Not possible to 
collect. problems from their teachers. In both the samples, 
the boys and girls were just po pe All the problems 
were jointly pooled, and on the a 5 the following selection 
criteria, attempt Was made to c i. У the problems in some 
significant areas of human living. In order to Teduce the num- 


, Seventh, 
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ES of problems, in each category or area of human living, the 
ноп criteria were repeatedly applied after phrasing and 
E hrasing the problems. Thus a final list of problems was 
A Pis up. It should not be lost sight of that it was not essen- 

al that each problem should satisfy all the criteria but care 
was taken, that as many as possible criteria, were satisfied. In 
case of doubt, the problem was discussed and the final фий тән: 
was made accordingly. The following were the selection cri- 


teria : 


(a) All problems tha 
too difficult were dropped. 


ms that were not directly related to general 


t were found too trivial, too easy or 


(b) All proble 
science were dropped. 

(c) All problems that touched the realms of morals, reli- 
gion and metaphysics Were excluded. 

parted functional information 

d were characterized by some 


ncluded. 


(d) All the problems that im 
or useful information, an 
problem solving activities were i 

(e) All the problems that reflected history of science were 
included. 

Jems that had a higher frequency of inci- 


(f) All the prob. 
ere included. 


dence for inclusion Ww 
all problems were reformulated and the 


And lastly, 
factors of duplication and overlapping were kept to the 


minimum. 


= 


(g 


Classification of problems 
All the problems after rephrasing were classified in th 
following significant areas of human living : S 
1. Our Atmosphere and Weather 
2. Our Water 
3. Our Food 
4. Our Health and Clothing 
rts, care, diseases) 


Our Body (pa 
14 (plant and animal life) 


3: 
6. Our Living Wor 
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7. Our Universe and Earth 
8. Energy 
9. Our Transport and C 
10. Science Corner (club) 
LT) The Wise Use of Naty ral Resources 
12. Science Through Ages 
13. Mi Scellaneous 
In each of the above 
Classified at three leve] 


ommunication System 


| e 
-mentioned areas, the problems weni 
» namely: General problems, Expert! 


pecific problems. Unfortunately, the 


study remained incomplete and unpublished for the simple 
reason that it threw dim light 


particular environment from 


problems and the &rade placem 
interest to mention here that th 
questions of this Study reveal ing: i 
minds but also the Varying sci 
their questions. In each of th 


| e above-mentioned areas, the 
problems were Categorized at thr 


ее levels - 


Experimentation neeg not be ung 
this category. Consultation, di 
exchange of experience Would be 
teristics of teaching approach. 


ertaken, essentially in 
SCUSSIOn and mutual 
the dominant charac- 


(ii) Experimental Problems. The Problem 
on the part of the Children to find so 
problem sexperimentally, They Will 
potheses, test them through contro] 
and arrive at reasonable inferences, 


S mostly seek 
lutions to their 
thus set up hy- 
experimentation 


(iii) Specific problems, These problems are of limited Ghar 


Thumb-Nail 220 
20 

acter; and mostly involve restricted explanations and 
interpretations on the basis of the ideas already de- 


veloped. Those problems which could not be put in 
the above-mentioned categories were also putin this 


category. 


Questions rejected 
PaL Bee questions have been rejected only in relation to the 

opment of curriculum 1n general science. This does not 
mean that the questions asked were trivial or useless. They 
need to be answered for they not only agitate their minds but 
also influence their thinking in profound ways. They block 
thinking in certain areas or at least weaken those concepts on 
which other advanced concepts are based. Now consider the 
following questions which, of course, rejected, have lot of re- 


levance otherwise. 


General questions 
1. Why do we play ? 
2. Why do we name days ? 
3. Why do we decorate our houses ? 
4. What does government do for us ? 
5. Why should we worship God ? 
6. Whyis India fighting against Pakistan ? 
7. Why should we obey our parents ? 
g. Why do children play with dolls ? 
kes place ? 
9 What do they do ? 
hant ‘Ram Ram’ ? 


9 Why voting ta 
10. What is police 
Why should we с 
Why do we say ‘thanks’ ? 


13. Why students fail? | 
India is a big country. Why is its map so small ? 


15. Why can't we see the soul ? 
16. Why should we learn good manners ? 
How did Mahatma Gandhi beco 
18. Where does a dead man go? me great ? 
19. How has India changed throug! 
Who lived in our country ee ages ? 
Man dies physically. Is it true ? 
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Why are some People vegetarian and others non- 
Vegetarian ? 

Why did Sita Marry Ram ? 

Why do not the girls keep quiet ? 

Why is Life Insurance necessary ? 


(ii) Questions which are in fact no questions 


1. 


= 


© \о о чоор 


I saw a very beautiful flower or bird. 

Plants do not grow without seeds. 

I have a parrot at home. 

1 аш a very nice girl. 

My name is Usha. 

God lives in the sky. I 
Roots fix the plant. 

Birds fly in the sky to get food, 

Man dies when God wishes, 

India has a capital. 


(11) Question-answer variety 


1; 


22 


3. 


4. 


Why do we not grow all at once ? We won't get jobs 
if we grow Soon. 

Aeroplane starts from the airport. 
and comes back. Why ? 


Fields can’t be Ploughed if it does not rain. Is it 
true ? 


It flies in the sky 


Horses used to fly in olden times. Why do not they 
fly now ? 


(iy) Advisory type 


19 
2 
3. 


Do not go to school late. 
Do you work hard to 


pass the examination ? 
Teachers should teach 


us good manners, 


(v) Asking and supplying information type 


jc 
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Ep 


Give the names of five fruits (names are then given). 

Give the names of five animals (names are then 
iven). 

White names of three games (names are given). 
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(vi) Miscellaneous type 
1. Where do the children go whose parents die? What 
are those children called ? 
How did Hindus come into existence ? 
What is today at your home ? 
On whose head does our earth rest ? 
When a man dies, who comes to take him ? 
Why is Nepal called Nepal ? 
All of us can speak. When I speak, others do not. 
Why ? What should I do ? 
8. Why does not God die ? 
9. How does a man grow rich ? 
10. Why is man poor ? 
Their evolving minds ask all sorts of questions whose satis- 
factory answers they hardly received for the very reason that 
there is no intelligent intained between children and 


dialogue mat 
their parents at home, as well as young scholars and their 
teachers at school. They simply believe in teachers’ word 
which they need not challange atthe risk of physical punish- 
ment. Let us пом mention below problems formulated on the 
basis of enquiries made by the children of grades III to VIII ; 
and the problems considered desirable for inclusion by some 
experienced teachers i 


n some significant areas of human living. 
Let us consider here only one such area viz. Our Living World 
(Plant and Animal Life). 


T9 RIO. 


` Our Living World 


General problems 
makes plants green; and how does this green 


1 What 
colour function in the life of plants ? 
What are the main classifications of plants ? 
e main classifications of animals ? 


What are th 

what is the food of plants ? 

What is the food of animals ? 

What plants and animals are harmful to us ? 
what plants and animals are useful to us ? ? 


Hew did plant and animal life originate on our 


earth ? 


90 У С\\л шо t3 
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9 How do we distinguish between living and non-living 
bodies ? 

10 How can we check the march of deserts ? 

11 How do plants reproduce 2 

12 How are plant kingdom and animal kingdom inter- 
dependent ? 

13 Why do we fail to grow Sufficient food in our 
country ? 

14 Why do differen 

15 Do plants and 

16 Do plants and 


t trees give different fruits ? 
animals Struggle for life ? 
animals suffer from diseases ? 


Experimental Problems 


17 What Conditions 


favour germination of seeds ? 
18 What happens w 


hen excess of water is given to the 


What are the different parts of flowers and fruits ? 
20 How do plants and animals differ from each other ? 
21 How do insects reproduce ? 
22 How diseases Spread ? 
23 How are fruits 
24 How plants dis 
25 Show that plan 


and flowers formed ? 
Perse seeds ? 


ts are living bodies. 
Specific Problems 
26 


37 Why is sparrow 50 small ? 

38 Why do not the Toots of the plants go up? 
39 Why has a spider Six legs ? 

40 Why leaves breathe 9 
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Why can’t the plants move ? 

Why can’t the elephants fly 2 

Why is camel called the Ship of Desert ? 
Why does fish die without water ? 

Why. do flowers give smell ? 

Why are flowers of different colours ? 
Why are flowers attractive ? 

Why do the off springs of animals 
quickly to their environments 2 
Why do we find leaves of different shapes and sizes ? 
Why do not the plants speak ? [ 
Why do not the birds give milk ? 
Why do some animals give milk and others do not 
despite the fact that they eat the same kind of food ? 
Why do some animals reproduce lot of their young 


ones ? 

Why do some plants gr 
Why do different birds 
Why do not we have m 
Why do different plants 


in the same environments. 
Why do the eyes ofthecat and some other animals 


shine at night ? 

Why do the glow-worms glow at night ? 

Why does the water £0 up the plant ? 

Why do we have more bed bugs in summer and not 
in winter ? 
Why do anim 
Why does the snake crawl ? 

Why all living bodies do not possess teeth ? 
Why does the lion live in the forest ? 

Why do the fishes lay eggs ? 

Why are the leaves of the plant green ? 
Why does not the snake creep straight ? 
Why should we water the plants ? 

Why dead animals and plants decay 2 
Why can't birds talk to us 7 

Why do we give manure to the plants 7 
Why does the dog bark ? 


Why are the eyes of eagles 50 sharp ? 


adapt themselves 


ow taller when cut ? 

give different calls ? 

angoes on a neem tree 

have different rates of growth 


als have four feet ? 
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Why are insects generally attracted to light ? 
Why can’t the owls sce in day time ? 

Why does the snake cast off its skin ? 

Why are some Persons taller and others not P 
Why not are all boys always born ? 

What does the cow eat ? 

What plants are transplanted ? 

What type of life occurs in deep forests ? 
What type of life occurs in deep sea ? 

What is the difference between flower and thorn ? 
What plants can grow without seeds ? 

What is artificial life ? 

What is artificial respiration ? 

What are vegetable eggs ? 

What is moulting ? 

How does fish Manage to swim in water ? 
How does the blood Coagulate ? 

How life comes in a baby ? 

How dogs communicate ? 

How does a camel manage to live without food and 
water for a long time ? 

How does one Seed give rise to many seeds ? 


How is it that a given plant gives. flowers of different 
Colours ? 


How did some forests become So dense ? 
How is curd formed from milk ? 
How do the fish and other ani 
inside a lake when it freezes ? 
How life develops out of the hatched egg ? 

How do the plants grow ? , 

How does the Steen plant grow ? 

How can we distinguish between good fruits and bad ' 
fruits ? 
How can we improve the quality of eggs ? 
How is germ formed ? 
How does a cat See in the dark ? 

Do we have non Vegetarian animals ? 

Do we have non Vegetarian plants ? 

Do big trees also require water and food ? 
Do plants and animals possess sense of taste ? 


mals manage to live 
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111 Where are the seeds formed ? 

112 Where do the germs come from ? 

113 Where do the babies come from ? 

114 Where do the birds lay eggs? 

115 Can we obtain dyes from plants ? 

116 Can we hatch eggs artificially ? 

117 Should we use different fertilizers ? 

118 Is water essential for frogs ? 

119 Which animal lays the 
eggs ? 

120 In what ways are animals 'si 
men ? 


maximum number of 


milar and different from 


Concluding statement 
Using this simple approach, we sele 
` questions suitably grouped into significant areas of human liv- 
ing at three levels, namely, general, experimental and specific. 
The answers to the various questions supplement, complement 
and also to a certain extent, overlap each other. It is also 
possible to group these questions on different basis, say, con- 
cept basis. Our study amply indicated that children ask all 
sorts of questions relating to the origin of things, through 
principles underlying them to the daily life applications. It is 
interesting to note that why questions constitute over 42 p.c. 
of the total questions. And it is not the business of science to 
supply answers to these questions. It is so because science ех- 
plains ‘how’ rather than ‘why’ of the natural phenomena. What 
and how questions are just about equal and constitute about 
50 p.c. in all of the total questions asked. It gives a lie to 
the general criticism that our young scholars do not think at 
all when our analysis indicates that our pupils ask about 8 p.c. 
of the total questions dealing with highly limited or factual 
aspects of science. These questions appear to agitate their 
minds because they do not find their answers in their text books, 
and even these questions are not discussed in their classrooms. 

bother them maxim 


However, these questions will ally for some- 
time only; if science is further taught in an authoritative 


manner. Like good students, rather than rebels, they must 
obey the teacher or follow the text book or at best cram ans- 


wers to the objective type questions. 


ected about six hundred 
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Section B 
Introduction 


Our environment is full of problems. Even the human foot 
can be a fascinating object of study. We have made no dis- 
tinction between an investigative question or a project idea. 
They are the same sides of a coin. If either of the two is 
pursued at depth, the entire effort of the projecteer may result 
in the execution of a Successful project. In this chapter, the 
distinction was made for the very simple reason that these in- 
Vestigative questions were the fore-runners of research ideas 
for science Projects, the latest arrival of Indo-American in- 
fluence in our country. We have already discussed at depth 


about ten projects in the Preceding chapter. Against the back- 
ground of those projects 


detail anyone of the proj 
dependently and ata re 
on. In the Process, many questions or ideas strike but for a 
limited time. Cho 
be forgotten that it 
which gives distinction to any project. 

failure, suggested lines of inquiry are a 
Let us now present below about eight hi 
fied project ideas already completed as well 
speculated upon by Indian and American projec 
of the academic staff of the Science Youth p 


as sometimes 
teers, members 
roject, not ex- 


l. Long Essays 

2. Point Investigations and Improvisations 
3. Project Ideas in Physics 

4. Project Ideas in Chemistry 

5. Project Ideas in Biology 

6. Other Interesting Projects? 


1. Long Essays 
The Age of Reptiles 
Anatomy of the Head 
The Atom : Man's Primary Concern Today 
Atomic Reactor 
Atomic Structure 


л OUO [2 кю 
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Thumb-Nail 


Atomic Theory 
Aviation Hazards and 5 
From Battery to Dynamo 
Cathode Rays 
Collections and Their 
Corrosion : Methods о 
Crude Oil by Products 
Crystal Structure 

Dairy Industry in Delhi and Punjab 
Dinosaur 
The Dispersal of Seeds 
Diseases that Affect Children 
Effects of Atomic Blast 
Electricity in the Service of Man 


afety Devices 


Uses 


f Approach to Corrosion Science 


and Structure of 


Electronics 
Essays on Match, Bleaching Powder 
the Atom 

t Dainty Plant 


Flowers-Nature’s Mos 


Fundamental Particles 
History of the Aeroplane since 1903 
History of the Development of Man Spectrometry 


History of the Horse 
How Modern Mathematics Developed 
How Modern Science Developed à 


How Plastics are ade 
Ideas of Bohr About the Structure of Atom 


Insects : Baby Guys OF Good Guys 

Low Temperature Techniques 

Magnetization and Molecular Theory 

Mammals of the Northern Region 

The Manufacture of Sulphuric Acid Along with its History 
Measurement of the Charge and Mass of the Electron 
Modern Periodic Law 

Modern Science in Dentistry 

Modern Television 

Nature of Heat 

Nature of Light 

Neutron : An Aggregate of Protons and Electrons 
Nuclear Reactors 

Our Enemy: The Termite 
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46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
78 
74 
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Our Rich Resources and Poor People 

Our Wonderful World of Botany 

Our Wonderful World of Chemistry 

Our Wonderful World of Physics 

Our Wonderful World of Tomorrow 

Our Wonderful World of Zoology 

Parts of Plant We Eat 

Prehistoric Animals 

Products Made From Petroleum 

Products From Trees 

Radioactivity 

Relativity and Quantum Theory 

Research and Prevention of Plant Cancer 

Rocket Propulsion 

Rubber : Natural and Synthetic 

Shelters Through the Ages 

Solar Flares and Sun Spots and Their Impact 

The Solar System 

Solar Temperature 

Sources of Clothing 

Space Flight 

Stereophonic Sound 

The Story of Cotton Processing 

Story of Steel | 

Synthetic Fibres 

Ultrasonics 

Using Wastefu] Products 

Wood : To Burn and Build etc, 
-Rays 


X-Ray Powder Method and Lattice Constant of Copper 


2. Point Investigations and Improvisations 


Kipps Gas Generator. 


Materials Required : One Peppermint bottle, one lemon squash 


bottle, one bottle with conical neck, 
glass tubing, two one-holed rubber stop- 
Pers, one rubber stopper without a hole 
and rubber tubing. 


'10je1ouos ses s.ddry 
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This is another list of Project ideas. The projecteer can 
select any one of the ideas mentioned below and work it out at 
depth like Exposure to Fundamental Scientific Phenomena. 
One of the many problems, thus formulated, can be tackled at 


ment. Thirdly, a new approach is to think of a new problem 
which necessitates fabrication of equipment. The great 890% 
tists of past century also fabricated their own equipments. It is 
а recent phenomenon that industry is supplying sophisticated 
equipment to the scientists, Now consider the following list :, 

75 A.C. Voltage Generator 

76 Acid Production in the Mouth 

77 Adsorption 

78 Adventures in Micology 

79 Age Dating of Fish Utilizing the Eye Lens 

80 Amplifier Combination for Pocket. 

8l Analysis of Silver Coins 

82 Animal Banding and Marking 

83 Animal LQ. 

84 Ants at Work 

85 Archimedes Principle : Microscope 

86 Ascorbic Acid 

87 Assembling a Microscope 

88 Assembling a Telescope 

89 The Atmosphere 

90 An Automatic Door 

91 Automatic Railway Signal 

92 Automatic Switch of Light 

93 The Automatic Traffic Control 

94 Automatic Tube-wel] Machine 

95 An Automatic Wilson Cloud Chamber 

96 Bambooasa Reinforcement for Concrete 

97 Barkhausen Effect 

98 The Behaviour of Soap Bubbles and Films 

99 Franklin s Kite 

100 Bending of Light 
ird Nests 
101 Bir 


Thumb-Nail 


102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 


140 
141 


Blood Cancer 

The Body’s Emergency System 
Bouncing Balls 

Building a Bridge 

Building a Bird House 

Build Healthy Bodies and Teeth 
Building a Modern House 
Burning of Candle 
Butterflies 

Calcium Carbonate 
Calotropis 

Catalysis 

The Characteristic Cu 
Characteristics of Soybean Parent 
Chemical Analysis of Water 
Chemical Gardens 

Chemistry of Ceramics 

Chemical Reaction 
The Chemistry of In 
Chemistry of Magic 
Chemoreception in Flies 
Chromogenetic Mutations 
Clay Modelling 

Clinical Theraphy 

Code Sending Oscillator 
Collection of Bird Pictures 

A Collision in Two Dimensions 
Coloured Television Set 
Composition of Water 
Concrete 
Conserva 
Conservation of Wi 
Construction of an Eigh 
Construction of a Microbalance 
Construction of a Microphone 
Construction of a Pipe Line 
Corrosion 

Corrosion of Iron 

Corrosion of Metals 
Cotyledons 


rves of Diodes and Triodes 


organic Analysis 


tion of Wild Flowers 
ld Life 
t-inch, 


16(45-55/1972) 
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and Their Children 


Cassegrainian Telescope 


242 How Children Discover Knowledge 


142 Craters on the Moon 

143 Crystals and Crystal Forms 

144 Crystallization 

145 Crystals from Petroleum 

146 Crystal Radio Set 

147 The Cutting Machine 

148 The Cutting Machine (How to Improve it) 

149 D.C. Motor 

150 Demonstration of Principal of Induction Motors 
151 Density and Liquid Thrust 

152 Dental Creams 

153 De-salination of Sea Water 

154 Designs for Autos 

155 Design of Interior Lighting 

156 The Detection of Basic Radicals 

157 The Detection of Electromagnetic Waves 

158 Detergents 
159 Determination of ‘g by Free Fall Method 


160 А Device for Finding the Diameter of the Moon 
161 Dielectrics 


162 Diet to Gain Weight 
163 Diet to Lose Weight 
164 Diffusion of Liquids Through a Membrane 


165 Diffusion Rates of Solids Through Water 
166 D. C. Electric Motor 


167 Dispersion of Light 

168 Drilling an Oi] Well 

169 Dyes and Dyeing 

170 Dynamo 

171 Earth's Magnetic Field 

172 Earthquake Waves 

173 Earthen Pots 

174 Earthworms 

175 Edison's Light Bulb 

176 Effect of Exercise on Metabolism 
177 Electric Circuit of à Crystal 

178 Electric Elevator 

179 Electric Letter Box 

180 Electric Motor p 

181 Electrical Conductivity and БЕ, 


Thumb-Nail 


182 
183 
184 
185 
186 
187 
188 
189 


190 
191 
192 
193 
194 
195 


212 
213 
214 
215 


Electric Motors and Generators 
To Electrify a Small Locality 
Electrolysis 

The Electronic Guar 
Electroplating 
Electroplating Alloy 
Electro-osmosis 
Electronic Precisio. 
Model) 


d Against Intruders 


Electronic Timer : 
laying Digital Computer 


E-mag III: A Checkerp 
Emergency Lighting 

Energy : Verification of Laws 
Energetic Electrons 

Erosional Agents 

Evaporation and Rain 

Expansion and Contraction of Air 
Experimental Teratology 
Experimentation in Aerodynamics 
Experiments on Magnetism 
Exploring the Arctic 

Exploring the Fluorescence 

The Eye Lens 


Fallout 
Fire Alarm Thermometer 


Flow of Electricity 
Flying Balloons 
Food Values 
Forces and Acce 
Fur Bearers 
Fossils and Bones 
Four-pole Motor 

The Functional Design o 
Ganong's Potometer 


A Gas Generator 
Gas Tank for Bunsen Burner 


A Gas Thermometer 
Gauss Effect 
Grafting Methods 
Gravitation Laws 


leration of an Air Bubble 


f Digital Computer 
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n Time Trigger Device (Experimental 
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Habitat Studies 

Hair 

Hair Oils 

Heat Absorption in Plants 

A Heater for Boiling Water 

The Hilsch Tube 

Home Made Cloud Chamber 
Home Made Chemical Indicators 
Home Made Cotton Gin 

Home Made Flour Mill 

Home Made Telegraphy 

How Peas Grow 

How Seeds Grow 

How the Telephone Works 

How and What Animals Breathe 
Human Foot 

Humeral Transplants 

A Hydromechanics Experiment 
Hydrogen-Oxygen Fuel Cell 
Hydrostatics 

Induction Coil 

Inhibition of Fluorescence 
Insecticides and Repellents 
Inside the Earth 

Inside the Human Tooth 
Interference 

Interference Colours in Oil Spots 
Inside the Earthworm 

Internal Combustion Engine 
Internal Resistance of Cells 
Tonization 

Lichtenberg Effect 

Life Cycle of a House Fly 

Life in the Pasture Land 

A Light for Emergency 

Locating Water Wells 

The Logical Mouse (Computerized) 
L-shaped Magnets 

Luminousity of Sources of. Light 


The Main Constituents of Food in Human Diets 


Thumb-Nail- 
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Magnetic Fields 

Magnetic Wheels 

Making Crystals 

March of Clouds 

Mechanical Waves 

Mechanics of Magic 

Metal Toxicity 

Microprojector 

Microwaves 

Midget Transmitter 

The Milk Bottle Machine 
Minerals 

Mini Fan 

Mitosis in Onion 

Model of Barth Interior 

Model of a Geyser 

Model of Road 

Motor Elevator 

Mountains 

A Multipurpose Gas Generator 
Mystery in the Mains 

One Tube Portable Radio 
Onion 

Opaque Projector 
Optical Illusions 
Osmotic Pressure 
Your Own Weathe: 
Oxidation-Reduction 

Ozone 

The Panic Speed of White Mice 

Paper : Its Manufacture and Properties 
Percentage of Water in Oil 
Phases of the Moon 
Photomagnifier 
Photoreversal o 
Photosynthesis 
Photosynthesis in Euglena 
Planetarium 

Plant Germination 

Plant Movements 


r Forecaster 


f Ultraviolet Light 
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Plant Pigmentation 

Plastids 

Poultry Farming 

Preparation of Rayon 

The Principle of an Electric Refrigerator 
The Principle of a Gas Refrigerator 


The Production of High Temperature Tentalum Carbide 
Filaments 


Psychosomatic Medicine 
The Pull of Electricity 
Purkinje Effect 

Push Button Living 

Quartz 

Radar 

Radioiodine in Guppies 

Rate of Flow of a Liquid 
Rate of Respiration in Plants 
Reaction Engine 


` Reflection of Light 


Relegation 
Regeneration 
Regional Wild Life 
Reproduction and С 
Guppies 

The Rice Mill Model (No Loss of Vitamins) 
Ring Chemistry 

Rocks and Minerals 

Rocks of the Northern Region 

The Role of Cosmetics 

Reproduction of Sound (From Cinema Films) 
Rotary Lobe Pump 

The Rotatory Motion of a Wheel 

Rusting Iron 

Saliva 

Safe Plumbing 

From Sap to Syrup 

Sawdust to Sugar 

Sea Shells 

Sea Treasurers 

Seasonal Variations in Natural Population of Algae 


oncentration of Mutations in 


Thumb- Nail 


339 Seed Germination 
340 Seed Germination (Inhibitors in Nature) 
341 Seed and Plant Study 

342 Selenography (Surface Geography of the Moon) 
343 Semi Conductor and Transistor 

344 Sensitivity in Venus Fly Trap 

345 Setting up a Model Electric Calculator 


346 Sextant 

347 A Shadow Box to Show Constellations 

348 Showing Phosphorus Uptake by Autoradiography 
349 A Simple Apparatus for Verifying Boyle’s Law 
350 A Simple Radio Set 
351 A Simple Windlass 
352 Soap Bubbles 

353 Soap from Yucca 
354 Sodium Hypochlorite 
355 Soil Conservation 
356 Soil Fertility 
357 Solar Cell 

358 Soiled Creepers 
359 A Solar Heated Green House 
360 Solubility 

361 Solutions 

362 Solar Spectrum 

363 Speedometer 

364 Splashes and Spatters 

365 Sound Absorbing Devices 
366 The Sound Barrier 

367 Spring Constellations 

368 Starch 

369 Steam Engine 

370 Steam Turbines 

371 Static Electricity 

372 Stellar Spectrum 

373 Strength of Glued Joints 

374 A Study of Cilia 

375 А Study of Fermentation 
376 A Study of Leaf Growth 

377 A Study of Microphones 

378 A Study of Moment of Inertía 
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A Study of the Moon Craters 

The Study of Items 

The Study of Stroboscope 

Studies on Inactive Life 

Subjective Time 

Sublimation 

Sulphuric Acid 

Surface Tension 

Sugarcane 

Superheterodyne 

Sun Pictures 

Symbiosis 

Synthetic Rubber 

Synthesis of Zeolites 

Table Fan 

Telegraph Receiver and Transmitter 

Telephone 

Telescope 

The Temperature Control Device 

Tensile Strength of Fibres 

Termites in Your Tumblers 

Test for Nitrogen 

Testing for T.B. 

Thermal Efficiency of Insulat 

Thermoelectric Cooling 

Thermoelectricity : The Di 

Electricity 

Thief Detecting Device 

Thin Layer Chromatography 

Time and Clocks 

A Time Lapse Photographic Study 

Titrations without Indicators 

Tooth Powder 

Tornado Chamber 

Toys 

Traction and Different Wheel Drives 
nsformers 

Ee Radio 

Transistor Oscillator : 

Turbine Engines for Automobiles 


(A Life in Suspension) 


ed Bags 


rect Conversion of Heat into 
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418 
419 
420 
421 
422 
423 
424 


425, 


426 
427 
428 
429 
430 
431 


UFO (Unidentified Flying Objects) 
Unilateral Electroplating 
Unknown Bacteria 
Unusual Batteries 
Uses of the Fulcrum 
Use of Projector for Photoenlargement 
Using Turmeric as Indicator 

Vacuum Tube Amplifier 

Variable Friction 
Various Methods 0 
Vapour Pressure 
Vegetable Vitamins 
Velocity of Light 
Velocity of Sound 
Viscosity 

Visual Inversion 

Vitamin C in Fruits and Vegetables 
Water 

Water Bath 

Weather 

Wells 

Whirl Pools 

wind Mill 

Wood 

Water Rocketry 

Wool 

Zodiac 


ү Communications 


Section c 


Project Ideas 
in 
Physics» Chemistry and Biology 


Introduction 
is the job of projecteers to give shape to 


1 


Strictly speaking. it › оўес 
self exploration, thinking and doing. Out- 


their ideas through 
side help is necessary 


and it must be sought for, if really needed 
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the sake of Convenience, these have been grouped at three 
levels, namely, in question forms, phrase forms and complete 
forms. In the first type, the demand of the problem is in the 


type, the project has been stated as fully as possible, The title 
itself clearly delineates the Problematic situation. No form of 


be neither too lengthy nor too Short. At the same time, it 
should possess wide appeal, high elegance and pinpointed 
preciseness. Now consider the following Project ideas : 


3 Project Ideas in Physics 


Question form 
445 Can you develop a device to verify the laws of reflection 


cular theory ? 


446 Can you make a light bulb that won’t burn out ? 
(Compare your bulb with standard commercial light 
bulbs. Record the life and brightness of both.) 

447 Can Ohm’s law pe Modified to describe the Voltage, 
current and resistance relationships of conducting 
solutions ? 

448 Can the thermal conductivity of liquids be Predicted on 
the basis Of molecular or ionic constituents ? 

(Electricity has a tendency to leak at high electric press- 

) Can an electric bulb be lighted when Placed 

"HA electric pressure without any connections ? 

u 


449 
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450 


451 


452 


453 


454 


455 
456 


457 


458 


459 


460 


461 


‘some additive be foun 


(Some types of shoe sol hen the wearer 
Why? Can 


walks across certain type 
imize this effect ? 


d to mini 
h the same amoun! 


t things wit t of 


Do all magnets attrac 
force ? 
Do both ends of à magnet attr: 
same force ? Do both north poles à 
away or repel with equal force ? 

Does the conservation of Momentum Principle also 
apply in the case of à collision in two dimensions ? 
Does oily or dirty ir affect the contraction rate of 
hair due to humidity ? How does the human hair 
compare with hair from other animals in terms of con- 
tracting and expanding during humidity ? 


Does paper contain electricity ?. 
f tyre threads make a differ- 


act objects with the 
nd both south push 


wash their hands pefore handling 
he tomato 


Should smokers 4 
he protection oft 


to ensure t 
virus ? 

of the magnetic force increase or 
the magnet aWay from a piece of 
the relationship between dis- 


from tobacco 


Does the strength 
decrease a5 you move 
12 What is 


iron 


tance of sep orate 
of an electric current to 


(You can use Ы 

Jectricity- Send an electric current through 
i Note the "change in the wire as it 

correspond directly with the 

of different metal wires the 


ate solution varies 


ith the m агу © that solution.) Is this a direct 

e temperature range in which the 
n the specific heat IG 
specific heat of metals 


odium carbon 


conductivity ? 

device can be made to show surface tension ? 
i If we consider that the surface 

;nes/cm at 18? C, then, using 


(such as equal sections of thin paper), 
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463 


464 


465 


466 


467 
468 


469 
470 
471 
472 
473 
474 


415 


How Children Discover Knowledge 


find the maximum amount of weight that the apparatus 
Testing on the water’s surface can carry. Can we relate 
this weight to maximum masses supported by liquids 
of other densities 2 What is the surface tension of 
various liquids ? Does Surface tension vary with tem- 
perature ? If we mix two liquids whose surface tension 
we know, is there a relationship between surface 
tension ofthe mixture and the surface tension of the 
two component liquids ? 

How much does а human hair contract and expand 
when exposed to changing humidity ? 

How do samples of sediment collected in stream beds 
compare, in terms of the size of the grain and the shape 
of particles, with samples collected from the flooded 
plain of the same Stream ? 

How do different kinds of soil affect the amount of 


run-off water that results from a thunderstorm or cloud 
burst ? 


How do the thermal and elec 
compare ? t 
How does the number of turns of wire around the mon 
ore in the primary (the wire with the current flowing 
through) affect the Voltage of the outside coil of wire 
in which the current is induced (secondary) ? 

How does temperature affect the properties of balls ? 


How does the tensile Strength of a rubber band vary 
with its temperature ? 


How is the densit 
perature ? 

How constant is the ANC 
your community ? 
(Sometimes thick clouds are seen in the atmosphere ; 


still there is no rain put at all) How can you make the 
clouds release Tain? 


Is the climate of northern India changing ? 
Is there а limit to the electrical voltage that can be 
produced by cells in series ? 


Is there а limit to the intensity of magnetic or electro- 
static fields that can be formed ? 


Is there a relationship between the specific gravity of a 


trical conductivities of hair 


Y ofa substance influenced by tem- 


Frequency mantained in 
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476 
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418 
479 
480 


481 


482 


483 


484 
485 


486 


487 


488 


liquid and the size of its drop ? 
What are the sizes of the pores in a plastic membrane? 
Which solute particles will diffuse through the mem- 


brane ? 

What causes static electricity ? Try rubbing wool, 

silk, nylon, cotton and rubber with a glass-rod. Do 
e charged? Try other experi- 


these materials becom 
ments with these materials, such as heating, cooling, 


hitting, etc. 

What effect does that have on а magnet ? 

What effect does the length, material, cross-sectional 
area, and temperature have on the resistance of a wire 2 
What effect does the rate of moving the magnet back 
and forth through the coil have on the amount of 
current produced ? 

What effect does the strength of the electric current 
have on the amount of metal deposited by electrolysis ? 
What effect does the length of time the current flows 
have on the amount of metal deposited during elect- 


rolysis ? 


What effect does temperature have on the conductivity 


of various metals ? (Connect a battery to a galvano- 
meter and to à strip of bare Wire. Heat the wire.) Is 
the effect the same On copper, iron and nichrome 


wire ? 


What is the difference between lights wired in series and 


those wired in parallel ? Measure the voltage and 


amperage àt various points in the circuit. 
What makes an airplane move ? 

What materials are easy to magnetize ? What materials 
are difficult to magnetize ? How long will these mater- 


jals remain magnetize ? 
harged with static electricity ? 


What materials can be c 
What materials cannot be charged? Will materi 
ed also be affected by a magnet ? erials 


that can be charg 

At what rates do other materials expand and cont 
with changing humidity and temperature ? ract 
If we use а photometer, we can measure the intensit 

If we assume that the intensity of is 


a light source. 
electrical light source Vàrles directly with amount of 
o 
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current, we can also find the amount of current, А that 
is, passing through the light source. What, then, is the 
relation of the distance between electrodes їп а salt 
rheostat and the amount of current that passes ? 

Ifan electric current can be used to make a magnet, 
can a magnet be used to make an electric current ? А 
A photometer, an instrament used to measure the іп- 
tensity of light, can be improvised by placing a piece of 
paper with a small grease Spot on it between two light 
Sources. If both sources are moved perpendicular to 
that screen until the Spot disappears, the intensity of 
one source can be determined, if the intensity of the 
other source is known by the formula : 


Using the photometer and two white candles (whose 
intensity is usually 2 candle power), and double convex 
lens, can you find out some relationship between focal 
length of the lens and intensity of light ? At what dis- 
tance from the candle should the lens be placed in 
order to guarantee maximum intensity. What is the re- 
lationship between distance and intensity for a double 
convex lens (include plano-convex, double concave; 
plano-concave, concave-convex lenses)? What is the 
light intensity of the moon compared to a candle or 
known source? How does the diameter of the lens affect 
the amount of light admitted ? 

Which substances show decrease in volume on heat- 
ing and increase in volume on cooling ? 

Why are sparks produced when flint and steel are 
struck together ? What are the temperatures of the 
sparks ? 
Why and how do stones skip on water? Will stones 
skip on sand ? 

Will a magnet have any effect on an electric current 
flowing through a wire ? 

Will magnets attract things through paper? Through 
tin ? What metals will magnets attract 2 What materials 
will magnetism pass through ? 
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496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 


508 
509 


510 


511 
512 


513 . 


514 
515 


516 
517 
518 
519 
520 
521 


522 


The collection, study and classification of some reflect- 


ing and refracting bodies. 

Comparing the energies required to Warm and boil 
liquids. : 

A. comparison of rocks based on their specific heats. 
The conductivity of three main substances in solutions. 
Conversion of solar energy into heat under different 
weather conditions. 

Cooling produced by a room cooler in a. given range of 
humidity and temperature. 

Design of interior lighting using Laumen method. 

To determine the best materials for the electric cells. 
To determine the thickness of the surface of the soap 
bubbles. . 

The determination of acceleration due to gravity. 

The determination of Young’s modulous of rigidity. 
On development of drops of different sizes on different 
surfaces under varied conditions. 

The effect of moving electrons on radiation. 

Effect of solute pressure on the boiling point of a 
certain liquid. | 

Electricity from fruits and vegetables (a method for 
checkin their fresbne ) { 

EPR spectroscopy at microwave frequencies. 

My experiments with a leak tester. | 

My experim with the theories of Mcleoad and 
Fowler and Grant. М ; 
Му experiments with à mysterious force that serves 1n 
many W AME: 

My P eperiments with pendulum in circular and ellep- 
tical orbit К 

Му experiments with waves. í 

Factors affecting electrical conduction. 

Factors favouring cooling of water in earthen pots. 
Falling velocity in a liquid. ’ 

To find the best materials for the electric cells. 

T find out the yelocity of light in different liquid 
media. pos 

Fitting of electricity jn houses. 
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527 
528 


529 
530 
531 
532 


533 
534 
535 
536 
527 
538 
539 


540 
541 


542 
543 
544 
545 
546 


547 
548 


549 
550 
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A formula for determining the refractive index of a pris™- 
The geological aspects of sands in Rajasthan. 

The inside of earth in the laboratory. ee 
Interesting suggestions for improving classroom micros 
copy. і 

Intensity of reflected light. 

Investigating the force of Tepulsion between twon 
magnets. ^ 
Investigating the nature of currents through junctions. 
Luminosity of sources of light. 

Magnetic effect as a measure of current. Р 
Measurement of the distribution of kinetic energies © 
atomic or molecular velocities. 4 

Measurement of Viscosity of various liquids. 7 
Methods of determining the relative density of liquids. 
Newton’s third law of motion. 

Observing the lavatory flush tank. 


Production of heat in electrical resistance. 
The rate of flow of a liquid. 


Relationship between therm: 
ties. 


Relative densit 
Rocket 
ciples). 
Measuring smal] thicknesses. 

Some interesting experiments in physics. 

Souping an engine. 

Static electricity affecting paper. 

To study the inverse square law and to see how а 


candle power of bulb is related with the electrical 
power. 


aland electrical conductivi- 


y and bouncing (using a rubber ball). A 
Propulsion (attempt at clarification of prin- 


To study the motion of a projectile. 
To study the nature of potential 

electrodes of simple voltaic cell and 
in weight of the zinc plate. 

Strength of electromagnets. 

Study of the combined magnetic 
magnet and the earth's field. 

A study of the tensile Strength of kraft Paper before 
and after the addition of sizing agents, 


drop between the 
Corresponding loss 


field owing to a 
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552 
553 


554 
555 


556 


557 


558 


559 


560 


561 


562 


563 


А study of water drops. 
tudies on the effect of с ure on electrical 
resistance of carbon dioxi 


The suitability of water as 
An appratus to measure angle of elevation and de- 
to assist in judging the heights of 


pression; and thus 
high objects and distance between two objects ; and 
similar other projects: 

ing magnet, 


hange of press 


de. 
boiler feed. 


attraction. type; 


Construction of а movi 
gravity controlled, scale spread, low power loss, low 
its standardization. graduation 


price milliammeter and 


and calibration. 
Determination of the relationship. between the actual 
height of a ball from the ground before dropping and 
the height of the same ball after reaching the ground. 
To establish à relationship the different cur- 
rents passed through an © . and different 
lengths of waves р i fixed length of 
twine connecte er. Hence, to find an 
of the wave it pro- 


unknown current 
duces. 
Explan i ase in the га 
air is pumpe i 
possessed by the molecu 
To find the effect О. 
lish а relationship between the tem 
electrolyte a5 well as the mass deposi 
trodes. 
Relationship be 
and outside te 
humidity. 

between the thi 


The relationships 

a metal and its temperature. 
conductivity. 

To prove that relative density of a substance is in- 
versely proportional to the bouncing of a rubber ball 
which is filled with that substance ; and to calculate the 
relative density of different substances Б; 


tion of this law. 


olyte and estab- 
perature of the 
ted on the elec- 


"room cooler 


Dg produced byi 
d outside 


tween cooli 
and cooling ап 


mperature ; 


ermal conductivity of 
density and electrical 


y the applica- 


17 (45-55/1972) 
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4. Project Ideas in Chemistry 


Undefined problems 


564 


565 


566 
567 


568 


569 


570 


571 


572 
573 


574 


575 


e 
Analyse the different fruits to determine percenta£ 
Of water and с; 


іа 
arbon, and identify the basic and aci 
radicals, 


Collect the different Stone pieces of same weight EU 
Your locality, put them into equal quantity of the Жү, 
acid solutions of Same strength (say N/20). Find ou 


the quantity of liberated gas and the time taken for the 
Teaction, 


used for Washing Purposes, 
Determine the melting point of & Substance by mixing 
it with : 
(a) cooling mixture, (b) adding organic liquid in whick 
it is soluble d 
() which has higher B.P. (ij) Which has lower В.Р. 
Determine the Н» evolved by the same 


Я Al with the same volume of 
HCI of same Strength. 
Determine the rate of evaporation of liquids (benzene, 
carbon tetrachloride, 


acetone) and establish relation- 


ship with their boiling points, 

Determine the rate of rusting when iron pieces are kept 
in vapours of. pure wat i 

electrolyte and Saturated s, 
Determine the rate of 
out whether Graham 
Estimate the amount 
ent plants. 


Find out the change in В.Р, of Water by putting differ- 

ent quantities of soluble Salts in it. Repeat the same with: 

(a) insoluble salts, (b) Putting ice into it, (с) mixing 
with organic liquids Of higher B.P. (d) of lower 
boiling points. 

Find out effect of iH ©mperature Оп the acidity of the 

fruit juice (different juices), 


Olution of CO.. 
diffusion of KMnO; ; and find 
’s law is applicable or not, 

of glucose jin the leaves of differ- 
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576 


578 


579 


580 


Find the pH of soil from different locations in your 
]d with a base or acid of known 


village. . Titrate the soi 

strength. What other common chemical tests can be 
done on soils ? 

Investigate the effect of vapours of different acids and 
bases on rusting of iron. 

Like Cu, other metals can also displace Ag from Ag- 
NOs solution. Estimate the quantity of liberated Ag 
from the solutions of same strength and equal volumes 

f different metals. 


of AgNOs by the same quantity 0 
Litmus paper can be made by boiling strips of red 


cabbage and let them stand for about half an hour. 
The liquid can then be used as ап indicator. You can 
soak duplicator paper or filter paper strips in coloured 
water and let dry. Try making other indicators by 
using blue berries; different flowers and other plants 


and vegetables. 
Prepare the sol 
and investigate 

fibre. 


hing substances 


various bleac 
ength of the 


utions of 
effect on the str 


then the 


Question forms 
fa metal and a compound, e.g., 


581 


582 


590 


made o 
lead and lead oxide or nickel and со! 
Can effect ine be avoided in 
removing the nicotine from the plant ? 
Can you collect the vapours from a candle 
change them into а solid 
Can you deter 
chemicals in 50. $ 
Can you make your own photographic 
ith it 
PEE if have different chemical proper- 


Does magnetized 
ties than unmagne ron? - 
lution affect the germination 


Does the pH of a water 50 


of seeds ? 
plant cont 


balt chloride ? 
tobacco without 


flame and 
t which different 


paper and take 


nicotine from 


How can rusting © 
How does jron rust ? 


f iron be prevented ? 


593 


594 


595 
596 


597 


598 
599 
600 
601 


602 
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How can you distinguish among different fibres ? 

How do various ions affect the colour of borax when 
heated in a hot flame ? (Make a small loop, wrapping 
the end of a piece of nichrome wire around the end of 
asharp pencil. Insert the other end of the wire into а 
piece of cork. The cork will serve asa handle. Heat 
the wire loop and dip the loop into melted borax to 
form a bead. Touch the bead in a very hot flame. You 
can use a blow pipe with a spitit lamp. The colour of 
the bead when cold compared to the colour when the 
bead is hot is used to determine the metal.) 

How many grams of water can be absorbed per gram 
of blotting paper, newspaper, and book paper ? 

How small is a molecule ? (Dissolve a gram of potas- 
sium permanganate in 100 cc of water. This gives 4 
solution of 1 to {100. The colour is due to KMnO: 
molecules Moving around in the water. Remove 10 
cc of this solution and add to it 90 cc of fi 


resh water. 
You now havea solution of 1 to 1000. Can you see 
the colour? Repeat this with several additional bott- 
les of water. 


Be sure always to take your coloured 
solution from the bottle Containing the weakest solu- 
tion. Can you still see the molecules after you have 
diluted the solution to 1 to a million parts 2) 

Is carbon monoxide slowly oxidized to carbon dioxide 
by atmospheric oxygen ? 
Is there water in petrol, Spirits, vinegar and sweet oil ? 
(Copper sulphate is a test for water.) 

Is it true that a solution with 
irritating to the skin than are th 
low pH values. The pH of hu 
What effect does the amount о 
the rate at which a substance а 
What are some of the effects о 
cal sustances ? 

What change, if any, is Observa] 
make-up of rain from one rain sto. 
what effect does temperature hay, 
crystals ? 

What effect has the rate of evaporation on the forma- 


ble in the chemical 
Im to another ? 
* on the formation of 
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tion of crystal ? 
603 To what extent does the natural acidity of wood in- 
filings under damp con- 


crease the corrosion of iron 


ditions ? 
olour to the flame produced by coloured 


604 What gives c 
matches ? 

605 What isthe concentration of H* ions (pH) for the 
same solution of H:SOs HCl and HNOs, carbonic 
acid and oxalic acid V 

606 What kind of a soap detergent gives the most suds ? 

607 What is the effect of increasing the amount “of current 
on the rate at which water breaks up during electrolysis? 
Will A.C. assist in electrolysis ? 

608 Whatis the relationship between electrodes and the 
amount of current that passes in an electrolytic solu- 
tion ? 

609 What liquids are colloids ? 

610 Fermentation of carbohydrates is a common process for 
producing ethanol. What strain of yeast is capable of 
producing the highest concentration of alcohol ? 

611 Why does the odour of coffee differ from the taste of 
coffee ? 

612 Why does lime water turn milky when exposed to car- 
bon dioxide ? 

613 Which acid is the best conductor? Does the con- 
ductivity depend upon the H* concentration ? What 
molar solution of NaCl provides the best conductivity ? 

Phrase forms 

614 Acidity of juice in tomatoes. 

615 Acidity of lemon juice. \ 

616 Analysis of red rock deposits in Trivandrum district. 

617 Му attempt to classify metals differently. 

618 A comparison of certain methods of finding solubility. 

619 Comparative study of the properties of halogens. 

620 Crystal and flame colour. 

621 Determination of molecular weight of volatile liquids. 

622 Determination of total hardness of water. 

623 The detection of some basic radicals using filter paper 


method. 
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Electrolytic decomposition of titanium. 

My experiments with electrolysis. 

My P ЫЕ with the theories of Macleod, Fowlet 
and Grant. 

Factors affecting electric conduction of a solution. 
Investigating the combustion of a burning candle. 
Molecular weight by lowering freezing point. 
Molecular size and two other related studies. 


Need to classify metals (a personal unfinished experi- 
mental approach). 


On studying the various types of water. 
Precipitation of ferric hydroxide solution. 
Preparation of colloids and 
Precipitation values of colloids, 
Protection of brass by the formation of a chromate. 
Qualitative aspects of tin and its ions. 

Quality of ground water in western U.P. 

Removal of rust and scales from ferrous stores. 


Refractometric study of complex formation between 
metal ions in solution. 

Rusting of iron in the atmosphere of alkali solutions. 
Some problems and interesting experiments based upon 
chemical reactions, 

Studies on the nature of double salts and complex salts. 
Studies on the oil of Nahor Seeds. 


Systematic analysis of an unknown ore, 
Titrations without indicators. 


the comparison of the 


Complete forms 


646 


647 


648 


Biodegradability of sodium alkane sulfonate based 
detergents. 


The corrosive action of the oil of Semecarpus апасаг- 
dium (marking nut). 

Demonstration of pH of certain substances by the 
method of indicators. 

To determine the effect of temperature on diffusion 
rate. d 

Distribution ratio of iodine between Water and carbon 
tetrachloride. 


Estimation of the number of Water molecules in oxalic 
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653 
654 


655 


656 


657 


658 


659 
660 


661 
662 
663 
664 
665 
666 


667 


Question forms 


668 
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mercial sodium саг 
er, and estimate of 
1 copper sulphate. 

place in the 


centage purity of com 
Its in sea wat 
of commercia. 
] changes taking 


acid ; per 
bonate, dissolved sa 
the percentage purity 
To find the chemica 


ripening of banana: 
To find out the percentage of alkali con 


To find out the rate of attack of concen! 
acid on certain metals. 
f valencies in ordinary 


To illustrate different types 0 
e to water. 


chemical compounds with special referenc 
is by means of HS;—quinol calthorate 


Inorganic analysis 
crystals and thei holic solutions. 

An investigation © the chemical reasons for the corros- 
ive action of the oils 0 carpus anacardium 
(marking nut). 

An investigation effects of 01822 
rivatives on alkyl aromatic sulfonates. . , { 
А new ion exchanger and elution © ++ ions from it. 
On the NaCl content of common sålt and its relation- 
ship to solubility- poe 
Oxidation-reduction ; and investigations 
corrosion of iron- 

Paper chromatographic separation of copper 
(An investigation of the dependence of Rt 
acid-concentration- 
De-salination of sea water 
A study on the suitabili 
ing activated carbon. 

To study the rates © movement © 
35 id Deer E se different samples of Bhilai 
à (boiler feed) and drinking). 


wat distilled. 59 д ДЕ А 
MM ers the identification of sulphuite acid. 


To verify and just 


tent in soaps. 
trated sulphuric 


osilicone. de- 


into the 


and iron. 
value on 


f ions iD solution on 


5, Project Ideas in Biology 


Are chemically induced tears the same as those induced 


emotionally ? 
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672 
673 
674 


675 
676 


677 


678 
679 


680 


685 
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Can emotionality resulting from maternal factors be 
modified by clinical therapy ? 

Do insects see colours ? 

Do people make their best physical and mental efforts 
when alone or with other people? Does competition 
have a stimulating or depressing effect on people ? 

Do seeds digest starch ? 

Do the stomata close in a dust storm or in rains ? 

Does aspirin in water prolong the show-life of cut 
flowers? Can other substances be found to accom- 
plish this ? 

Does everyone exhale the same amount of air ? 

Does osmotic pressure increase as 
given solution rises ? 

Facial vision is a term used to explain a person’s ability 
to avoid walls and other obstructions at night or when 
blindfolded. How accurate is a person’s facial vision ? 

How are chemicals used to kill weeds in crops ? 

How do ants follow the trail of other ants ? Is the 
trail memorized b; 
light ? Do they smell the trail ? 


the temperature of a 


drop of blood. The blood 
amine a small bit of the 
When you observe fine 


Mark a square grid on 
th India ink. Observe 


How long does it take mosquitoes to digest blood ? 
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687 


692 


693 
694 


695 


696 


697 


698 


699 


700 


701 


702 
703 


You can see the red colouration of blood through the 


swollen abdomen of a well fed mosquito. 
How much pressure and heat can be developed by ger- 


minating seeds ? 
How plants grow in 
How a tooth decays. 

How will recovery times be effected under conditions of 
repeated fatigue in a frog’s leg muscle ? 
If a plant is deprived of the food making capacity many 
of its leaves yet still retains those leaves, can it remain 
healthy ? What will happen to those leaves which are 


different soils. 


` deprived of sunlight ? 
me increases, does its rate 


If the temperature of an enzy. 
of activity also increase ? 

Is bacteria found in the air? Tn the soild? In water? 
On animals ? On yourself ? (Check by growing 
bacteria cultures ОП slices of potatoes. Expose one 
section to the air for one hour and add or touch other 
slices to the other media. Cover. Examine after two 


days.) 

Is fat fatal ? 

Is there such а physiological phenomenon as a “second 
breath" ? То what extent is the “second breath" a 
psychological development ? 

[s your cat a south paw ? 
Should the stems ofroses be cut b 
frost, in the spring before the emerge 


or never. ; idi 
What are the effects of adrenalin and accetylcholine on 
the beating rate of a frog s heart 5. ; ? 
What are the effects of increased stimulating vo. 
the reactions of a frog's 162 muscle ? 
Whatare the effects of increased tempera 


respiration ofa cockroach ? : 
f increasing sti 


ack in the fall after 
nce of new growth, 


age on ' 
ture оп the 


mulus duration on 


What are the effects О 
the reactions of a frog 5 leg muse 
ments in 4 leaf What are the oc 
ence of these pigments | 


What are the Pig 

of soil condition upon the preset p 
What are the sizes of the pores in à 2 
what birds migrate tO and from your geographica 
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707 
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709 


710 


711 
712 


713 


714 


715 
716 


717 
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areas? What birds pass through’ your geographical 
areas during migration and are not permanent resid- 
ents ? i 

What can you see with a microscope ? 

What do you know about tadpoles ? 

What foods contain fats ? (Crush food materials and 
drop some in the bottom of a test tube. Cover the 
food material with a few drops of carbon tetrachloride. 
Let the material stand for about ten minutes and then 
pour a few drops ona Piece of white paper. After the 
carbon tetrachloride has evaporated, examine the paper. 
If the food contains fat, there should be a transparent 
grease spot on the paper. Remember, carbon tetra- 
chloride vapours are dangerous to breathe.) 

What is the absorption spectra of chlorophyll ? 

What is the average heart beat of Students in your 
room? Does the average heart beat change with age ? 
What effects do different amounts of activity have on 


the heart beat? What is the average heart beat of 
different animals ? 


can adults do it too ? 
What is the effect of environmental 
metabolism of man ? 

What is the effect. of light intensit 
opening of the stomata of a leaf ? 
What is the effect of oxygen on 
Can a plant live in pure oxygen? 


temperature on the 
Y variations on the 


plant growth ? 
In air lacking 


oxygen ? : 
Whatis muscular fatigue ? How can we demonstrate 
и? й 


What is the effect of yeast on fermentation 2 ; 

What is the optimum sugar concentration in which 
pollen grains will germinate ? 
What is the rate of growth of roots and where is the 
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718 


719 
720 


721 


722 
723 


724 


725 


Phrase forms а! 


726 
727 
728 


(Mark off a young root 


Observe every day.) 
ditions can a. reflex 


on the root ? 


growing region 
d keep moist. 


with India ink an 


What is a reflex ? Under what соп 
be observed ina frog? How do these conditions lead 
ysiology of a reflex 


us to an understanding of the ph 
‘arc? ? 

What is in a log ? 

What is the walking order of the legs of various types 
of insects ? How do ify his walking 
with removal of 
ables are constant, 
nces progress 

f light do plants grow the best ? 

in water see light ? Which avoid 


f a narrow mouth jar with dark 


pattern 
When other vari 
of various substa 
In which colour © 
Which organisms 1n 


light? (Cover 3/4th o 
paper. Allow it to set for tw days in moderate light. 
Examine the dark portion and light portion under the 
microscope.) 
Which seeds grow the fastest ? Line the inside of a 
glass or jar with several layers of newspaper. Place 
several different types of seeds between the glass and 

aper. With the glass half filled with water, observe 
the sprouting of the different seeds. 
Why do popcorn and to à lesser degree, other varieties 
of corn рор 

nd complete forms. 
Bacterial resistance tO antibiotics- i 
Cancer induced by the rous sarcoma Virus. 
Catabase in living plant materials. 
Conditioned reflex in earthworms: 
Effects of chemicals, auxins, light on plan 
dexedrine On the metabolism of four 


Effect of drug 
vertebrates. 

The effect of 28; white and tears on 
Effect of growth promoting substanc 
growth in plants: 

Effects of light variation ОП plant growth. 
The effect of magnetic field оп snails. 

The effect of magnetism ОП yeast cells. 


bacteria. 
es on vegetative 
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738 
739 
740 
741 
742 
743 
744 


745 


746 
747 
748 
749 
750 
751 
752 


753 
754 
755 
756 
757 


758 
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Effects of nutrition on white mice. 

Effect of pH on enzyme action. 

Effect of prolonged light on plant growth. 

Effect of temperature on the rate of breathing in frog. 
Effect of temperature on starch digestion. 

The effects of temperature on the toxicity of insecticides. 
The effects of weather on man. 

The effect of varying concentrations of detergents on 
the survival of fish. 


The effects of a vitamin defi 


ciency on blood serum 
proteins. 


Environmental effects on plants of the sutter buttes. 
Growing algae in various bands of the spectrum. 
Further investigations in chemoreception in flies. 

How pinto beans grow 2 

How shrimp hatch and grow ? 

Modification of plumage colour in domestic pigeons. 
Physical environmental control—the effect of altitude 
on the albino rat. 


Protective effect of serotonin against gamma radiation. 
What foods have starch ? 


Unusual land snails in Madhya Pradesh, 
Use of statistics in botany. 
The comparable effect of 
in soybean seeds to com 
gardenias. 

Development, isolation, and analysis of unknown 
growths of nitrogenated rye grass, 

The dependence of human res 
physiological factors. 

To determine the standard deviation in the total shoot 
length and fruit production in tribulus terrestris collect- 
ed from different sources. 

The effects of artificial and natura] sunlight on plants 
Effect of bodyweight, Sex, starvation ang Pithed ida 
(suprae-osophagealganglia) on the OXygen consump- 
tion of cockroach, periplaneta americana, р 
The effect of coloured lights and Coloured backgroun ds 
on chamaleons. 


growth Promoting substances 
mercial gibberellin on ratican 


istance to electricity on 
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764 


770 


776 


777 


780 


781 


' Effects of various chemical 


The effect of different factors on the nervous system of 


а cockroach. 
The pituitary influence over frog colouration. 

Effect of the drug dexedrine on the metabolism of four 
vertebrates. - 

The effect of an elec 
The effect of light on endogen! 
Effect of light, temperature 
appearance of mosquito, imago 
dition. 

Effect of white and far- 
respirations as a new exp 
phogenic phenomena. 
Effects of thyroid remova 
reflex speed of albino rats. 


tric field on the growth of seedlings. 


ous rhythms. 
and crowding over the 
from the pupil con- 


red light on mitochondrial 
Janation for photomor- 


1 and stimulant upon the 
s on the rates of regeneration 


in hydra. 
Isolation and characterization of three bacteriophages 


of genus pseudomonas. 
Findings on the simultaneous production by cells of an 
anti-viral agent (AVA) and a halo-producing factor in 
response to inactivated viruses. 

A method of obtaining а complet 
a closed system. 

The protein content of two 
different sources. 

The reaction of drosera inte 
and physical stimuli. 

The study of factors like temperature, light and crowd- 
ing on the appearance © mosquito imago from kheir 
pupil condition. 
A study of the 
bioluminescence. 

A study of the effect of grow 
of bryophyllum calycinum. 
A study of the effect of trand 
of white mice, 


e balance of life within 
different fungi growth with 


rmedia to certain chemical 


firefly and the chemical nature of its 
th regulators on rooting 


uillizers on the metabolism 
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6. Other Interesting Projects 


Evolution of porphyrins in fossils. 

Find the acidity of acid and acid in simple voltaic cell 
which gives maxium current and amperage. 

How to find out the thickness of the penetration of ink 
on a writing paper. 

A preliminary study of the variation of mechanical 
waves with depth of water and with different concen- 
trations of different types of solutions. 

Relationship of atmospheric pressure to precipitation. 
Stoichiometric doping of intermetallic thermoelements. 
To study how the strength of paper varies with its 
thickness and when it is drenched with some different 
liquids, 

A study of three sites in M.P. 


Ultrasonic detection and ranging applied to an auto- 
frog safety detection System. 

Variation of velocity of effuse of a liquid with 
pressure. 

How the water table rises and lowers. 

Analyse the working force eith 
village in which you live. 

Do certain questions agitate you or your classfellow ? 
Make a list of at least fifty such questions, 

Make a list of at least five to 
as wellas at least ten proje 
you most. 

Prepare a suitable questionnaire for determining the 
main areas of interest of your classfellows or entire 
school community. 

What is project work? Does it 
ence at school ? What difficulties 
your science teachers as well as 
carrying Out project work ? Prepa 
naire and interview schedule for thi 


er of your locality or 


pics for writing long essays 
ct ideas which appeal to 


hamper learning sci- 
are experienced by 
young Projecteers in 
Ie suitable question- 
5 purpose. 


Concluding statement 
do netu s IR ideas and problems 
for the youngsters. Science is full of partia] 


ideas to tackle 


Thimb-Nai 
b- Nail m 


t 

es i day to day classroom teaching, it is the job of science 

difücult to help their wards see several problems of varying 

КА and interest. For example, if he is teaching that a 
d as two poles, he should not forget to pose, say, the 


following problems : 


B Is it possible to have à magnet of one pole alone ? 
a Can a magnet possess more than two poles ? 
. What is the difference between an electric pole and а 


magnetic pole ? 
4. Ifa magnet points in 
ably point in the same 
5. At other times, are ther 
book which you can challenge easily ? 
Is it possible to Verify Boyle's law on the cheap ? 
7. [s it possible to design a single apparatus which pre- 
pare effectively several gases for physical and chemi- 


cal testing ? 

Is it possible to fa 

9. Given observations, 
tive explanations Z 


the N-S direction, does it invari- 
direction ? 


e any statements in the text- 


ov 


equipment ? 


pricate this costly 
to suggest alterna- 


is it possible 


o 


y ways of 'Shaking the 
n of ingenuity never 
dy of scientific know- 


S _ There are some of the preliminar 
cientific Tree.’ The scientific traditio. 


fizzles out despite the presence of vast bo 
ledge. Let us illustrate by quoting & few examples. Thomas 


Hunt Morgan, а well-known scientist and also a noble prize 
Winner, hypothesized that acidity in sea water remarkably in- 
fiuenced the fertility.of those Creature" which lived deep in the 
sea. He did not have any acid at hand. He got a lemon and 
squeezed a few drops of it in his aquarium. He created his- 
tory by showing that *small changes in chemical environment 


greatly affect the fundamental life processes of fertility’. A. 
of radiation belts, successfully 


Van Allan, the discoverer 

launched his rockets at hig i only when he ‘clustered 
some heated orange juice cans around the firing mechanism of 
his next rocket package’. p. Feynan, another noble prize 
winner, became a great advocate of microminiaturization. He 
publicly offered a prize of 01° thousand dollars to any one 
who would get him an electric motor of ‘no more than a quarter 
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millionth of a cubic inch in volume’. 

ed, came and showed him flea sized el 
One engineer, William Н. Millenan, surprised Feynan by show- 
ing him a synchronous motor ‘no large than a dust mote’, under 
his microscope. Professor Weld Peabody, a patient of cancer, 
died while delivering a talk on the “Care of the Patient’. He 


growing symptoms of his 
fatal disease even on the day he died’. It js interesting to note 


Many inventors speculat- 
ectric motors. One day, 


amic incompetence, disting- 
nted assumptions’, Not long 


deep as ten miles!, То understan 
is the central function of science ; 


; and the time consuming aim 
of scientists. Project ideas, if 


practising scientists, can go a long 


+, That a drop of water, which to the Vulgar eye is but a 
drop of water, loses anything in the eye of the physicist 
who knows that its elements are held together by a force 
which, if suddenly liberated, would Produce a flash of lightn- 
ing ?... Think you that the rounded Tock marked with paral- 
leled scratches calls up as much poetry jn ап ignorant mind 
as in the mind of a geologist, who knows that over this 
rock a glacier slid a million years аро ? The truth is, that 
those who have never entered upon Sci 


u entific pursuits know 
not a tithe of the poetry by which they are Surroundedt, 


8. The Other Frontiers 


The nature of the training that one receives in an aver- 
age Indian home is well worth a close inspection. An average 
Indian child and even а young man or a young woman is con- 
y their elders. They are subjected to one 
rocesses (as confirmed by à UNESCO 
study conducted S Their attitude to accepting 

ponsibility is reduced to unquestioned ob- 

ebellion against authority. 


or discharging ге5 1 
edience or an occasional display of T 
i learn at home ? Here 


. What does an Indian child, or i е 
is a sample of parental guidance if one may call it so: | “don’t 
do this," “don’t do that" "don't go tere, don't come 
here,” “don’t read that," «don't meet him, where are 
you going and Why m “why have you come 80 late 7 with 
Whom were you talking » “don’t mix with him," "you will 
not take this study or that course in the college", "ask your 
grandfather what career he would like you to pursue, “consult 
your mother,” "tak permission from your father," “you 
cannot see this pleurer. oy hy ND URS 

ook,” * У ег, 2 5 
( бон yill not mae” “do as you are told.’’ etc., 


your elders,” “behave yourse 
rein practically in each 


and so on... n 

It is an extraordinar: situation, Whe c 
Indian home we play ау erous! what can be described as the 
у > oes wrong in the house, then 


la: » i 

the ТҮШ Шаш ДА ELS i mother the son ; the son the 
Sister; the sister the servant; and the servant the master. 1f 
something does not take place, 25 it was expected to, hours are 
Wasted every day of one’s life in blaming someone else. Nobody 


18(45.5$/1972) 
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has the courage to be bold enough to accept the fact that some- 
thing has gone wrong and that it has gone wrong because of 
him. People are shy to come forward and acknowledge boldly 
their mistakes. Itis indeed remarkable how in the administ- 
rative and public scene of our country, we notice this practice 
being indulged in most freely. We find that the *blame game" 
is being played on a nation-wide scale. The politicians blame 
the civil servants; the civil servants the politicians ; the higher 
civil servants blame the civil servants below them ; and the 
latter their seniors. A businessman blames the administration ; 
the administration blames the businessman. The consequences 
of such a situation are not only ludicrous but even pernicious. 
Even Jawahar Lal Nehru, who himself was the Chairman of 
the Planning was now and then heard Saying: “Some thing is 
wrong with the Planning Commission : it needs to be reformed” 


—Satish Chandra 


In the conditions of modern life, the rule is absolute : 
the race which does not value trained intellegence is doomed. 
Not all your heroism, not all your social charm, not all your 
wit, not all victories on land or at Sea, Can move back the finger 
of fate. Today, we maintain ourselves. Tomorrow science 
will have moved forward yet one more step, and there will be 


no appeal from the judgement which will be then pronounced 
on the uneducated. 


—A.N. Whitehead 


difficult. 
—Prof. Tibble 


Introduction 

In the preceding pages, we have discussed at depth the 
nature of science, the nature of scientific enterprise, logical 
thinking and problem solying, science as Past adventure, ex- 
posure to fundamental scientific phenomena, investigative ques- 
tions and project ideas; and varied illustrations of scientific 
methods through some illustrated Specimen {projects without 
giving the definition of: What is а Project ? Within Tecent 
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years, this term has become very popular both with the stud- 
ents and teachers but in the process has suffered from multiplicity 
of meanings. At one end of the spectrum, it means doing some- 
thing, that is, even maintaining a note book containing some 
observations other than the prescribed experiment one, with 
the preparation of improvised apparatus in the middle, and 
systematic attack on the problem reflectively at the other end. 
As science is devoted to discovery, the execution of a project 
therefore reflects the investigative aspect of science. A project, 
therefore, is nothing but a small or large scale genuine ad- 
venture, theoretical, practical, mixed, historical or essay type, 
into a territory unknown to the projecteer at the beginning of 
the project. For obvious reasons, projects undertaken by sci- 
entists and the projecteers are similar but not identical. Still 
the motives may remain more or less the same. This aspect of 
science is in a state of utter neglect, practically speaking, in all 
the developing countries. To put in other words, getting brilli- 
ant young boys and girls involved into the investigative aspects 
of science is our main problem. Its solution does not solely 
depend upon added expenditure alone because the latter does 

our problems. In the 


not automatically solve or as well define prc 
act of carrying out projects, the projecteers gain 1n several ways. 
They have familiarity rather than memorized knowledge of 


facts and concepts, acquire functional rather than limited skills 
d opportunities of demonstrating their 


in practical work, fin д 
ingenuity and originality, and consequently, learn. to acquire, 
first hand, scientific knowledge, skills, attitudes, interests and 

onality traits as well: self 


appreciations. They gain in personalit 
confidence, persistence, emotional stability and tolerance. On 


getting training this Мау, they need no longer depend upon the 
availability of fishes because they have now acquired the art of 
catching fishes. This is a right step towards Self Education or 
Education for Understanding. А.К.С. Ottoway echoes Piget 
fairly well when he says that a ‘large part of modern education 
consists in arranging suitable situations in which learning can 
take place ; in which the learners are, in a sense, the teachers, 
in so far as they teach others or teach themselves’. Regarding 
other frontiers, we discuss the following issues in this chapter ; 


1, Stress on Productive Thinking 
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Science Youth Project. 
Science Clubs, 
Science Exhibition, 


Reporting and Judging of Projects. 
School Library. 


оо А шом 


1. Stress оп Productive Thinking 


How do you judge a cow? Not by the amount of grass 
she eats but by the quantity of milk she yields! This popular 
saying has lot of relevance in this country because in the name 


S of information. There is a 
Problem as well. In this 


Ward investigation and inquiry with which 
its study is approached. Information about it has to found 
out rather than spoon fed by the teacher, say, for the examina- 
tion of the specimen, This approach, if employed, will foster 
self confidence, Security of integration, intellectual honesty and 


courage, thinking (critica) Creative and intuitive), Productive 
hypotheses (both open 


conclusions waiting for the: 
tion. To quote J.R, Suchman : 


1 ri manipulating 
and searching. The children should be given д Maximum of 


their efforts to Storing information and € 
demand, they would be developing the cogniti 
needed to seek out and organize information in a Way that 

uld be the Most productive of new Concepts. Both the 
Улат and the Pupil would have to be cast in new Toles, 
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The pupil must become more active and aggressive in his 
learning role. Direction of the concept formation process 
should come to regard his environment (including the 
teacher) as a potential source of information which can be 
obtained through his own acts of inquiry. The teacher 
must abandon his traditionally directive mode and structure 
an environment, that is, responsive to the child's efforts at 
inquiry are rewarded by success, that the child is able to 
obtain the information he needs, and that he does discover 


new concepts on his own. The teacher can also coach him 
and organization that 


in the techniques of data collection : 
will lend power and control to his searching. The educator 
he child's process of 


should be concerned above all with t 
th of knowledge will follow 


thinking, trusting that the grow 1 
in the wake of inquiry with the only proviso that they do 
rapidly return to the starting point with a high degree, of 
rationality bringing with them the gains of their regression 
to *primitive and fantastic modes of thought". Among them 
only, those who show talented behaviour like prolonged 
pursuit of an interest, unt of time devoted to an 

tion and ideas, multipli- 


interest, active searc and s 
i in the field, self initiated interests ог 


city of related interests 1 | int 
concerns, accumulation O an unusual degree of skill, under- 
i for abstract, thinking, extraordinary 


standing, capacity n 
memory. intellectual curiosity and persistence in worthwhile 
behaviours will benefit the most from such an inquiry built 
in programme undertaken in à conducive environment!. 
To concretize, this would mean that physics teacher won't be 
"profferring observational facts about heat, electricity, optics, 
sound and mechanics but on the other hand, he would plan 
the teaching-learning process insuch a manner (intuitive app- 
roaches allowed) so as to guide ‘a study of wave mechanics 
and the structure and behaviour of particles’. In biology, he 
will study ‘genetic continuity, change of organisms with time, 
relationship of structure and function, relationship of the or- 
ganism and environment and organismal response {о environ- 
mental stimuli rather than teaching the anatomy and physio- 
logy of representative types of plants and animals along with 
special topics in conservation, health and growth’. We will go 
g that more and more opportunities 


a step further by suggestin 
be provided to the pupils to pursue an investigative question 
suiting their mental development, right to its logical end. We 


have discussed this problem at depth in the two preceding 
chapters. Imagine now the difference that will make in our 
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Science teaching, if approached this Way, and the impact it will 
make on the thinking and action of our Students. They will 
know that science is a branch of knowledge in which the elastic 


the established modes of thought are, practically speaking, in- 
finite. For them, science will then cease to be an ‘intellectual 
computing machine’, On the other hand, they will find it an 
exciting ‘slice of life’. To quote Stephen Toulmin : 


Like all great critica] activities, science has not one, but a 
number of related aims : it must try to satisfy these as far as 
Possible in harmony, and it is entitled to take on fresh 
aims. Any activity so varied in scope has, inevitably, a 
history with many phases : many legitimate enquiries had to 
be undertaken before the modern tribuna] of experimental 
verification could have its present-day re] 


of us, nowadays, the task of understandi 
one. Prediction is all very well ; but 


claim to ‘reality’. That being so, we 
than a three-fold demand of Science : its explanatory tech- 
niques must be not only їп Coperinicus? Words ‘consistent 
with the numerical records ; they must also be 


М К A acceptable — 
for the time being, at any rate as absolute’ апд ‘pleasing to 


2. Science Youth Project 

A highly imaginative and exciting Project Was с 

ed and executed in two stages at the Regional College of 

plannec п, Ајтег іп the latter part of 1965 The planners 

шыу to build research and innovation into our school Sci- 

visualize tion as part of the science сіць activities, still an 

ence йү in our school, Dr. Irwin Slesnick, a Science 
optiona 


‘Onceived, 
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consultant attached to the Regional College of Education, de- 
signed and developed a Mobile Science Show to focus science 
Students’ attention on the investigative aspects of science. The 
main aim of this show was to demonstrate both to science 
teachers and students some fundamental scientific phenomena, 
illustrate these phenomena with adequate number of investi- 


Sative questions and thereby to develop among the vast body 
ree] for science ; and ultimately to 


of ‘science students a real f 

acquaint them with the real nature and philosophy of science : 

Scientific methods in particular. This Mobile Science Show 
it has visit- 


toured whole of Rajasthan in 1966-67. Since then, ! 


ed the other three Regional Colleges of Education and given 
held for science teachers right 


shows at the summer institutes 

throughout the country. Onthe basis of this experience, two 

associates of Dr. Slesnick, K.C. Goyal and Piyush Swami have 

published a book : ‘Research Ideas for Science Projects' which 

is available free of cost from the Principal, Regional College of 
f this show was that 


Education, Ajmer 3. The main weakness 0 
our science teachers were not in a position to undertake this 


type of work because it was all new to them. It was, therefore, 
for science club sponsors was 4 


felt that a training programme 

must before the inherent ideas of the Mobile Science Show as 

advocated by Юг. Slesnick and his two associates could be 
nd, Regional 


‚ For furthering this е 
btained a grant of Rs. 2,00,000 


translated into action. 
National Council for Science 


College of Education, Ajmer © 
from the USAID through the 
Education to initiate а two weeks training programme for over 
two hundred science club sponsors to be selected from the nor- 
thern region for the Year 1968-69. The first training institute 
began on August 19, 1968 at the Regional College and the 
Science Youth Project came into existence. 


Aims and objectives 
The purpose of this training рг ogramme is to build quality 

into the Science Jub Movement (which in fact needed a shot 

in the arm) which was initiated by D-E.P.S.E. in 1957-58. The 

main aims of the training programme аге: 

ties for developing more com- 


vide opportuni 
executing and evaluating science 


(i) To pro 
n organizing, 


petency i 
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approaches to science, 


(iil) To encourage the use of library facilities in developing 
investigative type problems. 


(iv) To provide advice 


to science club Sponsors during and 
after the institutes, 


(v) To help develop in participants various skills such as 


Carpentry, meta] Work, glass bending and specimen 
collecting, 


Training programme 


included), and Preparation and с 
Projects. It is of interest to menti 


1. To study the immersion of cylindri 


from the solution of their salts and 
of chemical activity Series. 


4. Chromatography of the pigments ОЁ various parts of 
the plants. 


To determine the standard deviation 
5; shoot length and fruit production in tribu 
collected from different localities. 


in the total 
lus terrestris 


6. To investigate the temperature difference for Which 
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thermoelectric current generated in different thermo- 

couples is maximum. 

ic field strength of an electromagnet 


7. How is the magnet 
nt substances ? 


affected by the cores of differe 


8. Absorption of minerals by plant leaves. 


9. Displacement of metals by placing metals in metallic 


solutions. 
eight is required for the drying 


10. How much time and w 
est possible joint ? 


of glue to give the strong 
ffect of addition of alcohol to the 
f some of the electrolytes. 


in the alimentary 


11. To investigate the е 
saturated solution 0 


12. To investigate digestive enzymes 
canal of animals (cockroach). 


tion of Boyle’s law without the use of mercury. 


13. Verifica 


14. To investigate the critical radius of capillary tube for 


turbulent motion of water. 


15. Study of foaming power of soaps and effect of different 


soaps on fabric. 


Impact 

It is expected th 
will help their stude 
of the following features : 


at after undergoing training, the participants 
nt to select those projects which share most 


1. They should reflect some forward thinking and action 
on the part of the students, i.e. they should go beyond 
the textbook. 


1а illustrate scientific principles either from 


2. They shou 
r applied science. 


the pure science o 
3. They should be based upon adequate number of sci- 


entific skills. 


4. They should show originality as well as co: : 
A à 4 трі 

be in keeping with the mental development duae 

en. 
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5. They should make use Of inexpensive materials as far 
aS possible. 


go up through the Participating science clubs as a result of this 
training Programme. 


3. Science Clubs 


Science club movement in India 
began in 1957-58 under the auspices of the D.E.P.S.E. which 
assisted financially to the true of Rs. 1200 Per science club in 
the country. There are Over 900 science clubs in the country 
today out of which Only a few are Very active, Men, money, 
material, motivation, follow up Programmes, 
attitude of the headmaster and the inspectorate and recognition 
etc. are some of the factors which were not effectively exploited 
to boost this movement їп the Past. Toa restricted extent. the 
economic situation of the country has not been favourable to 
the development of this movement in general and the establish- 
ment of science clubs, on voluntary basis, in Particy 


sympathetic 


ar, 


Aims and objectives 
сое сыр А imple овог а complex Notion’ which 
connotes activities of varying complexities. Given the will and 
resources, an ambitious programme for various Categories of 
students can be developed. In fact, it has the Potentiality to 
become a nucleus of Science teaching and link classroom and 
laboratory activities with the community, [ү ae zi 
aggeration to add that the various outcomes Of science dios 
tion can be achieved through formal and informal activities Di 
the science club. Sponsor's Guide x > 4 Publication Tu 
N.S.T.A., states the following genera aims for the eS 
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clubs : 


(i) To learn about science, science careers, and the op- 
portunities, responsibilities, and important role science 


plays in our democracy. 


(ii) To explore interest and abilities of members in rela- 
tion to the various fields of science. 

(ii) To cultivate in members the qualities of personality, 
character and leadership which are essential to scien- 
tists. 

(iv) To learn how and where scientists receive their training, 

the number of years 


its cost, the scholarship available, thi 
required and the academic prerequisites and standards. 


(v) To study the lives and the influence of 


(vi) To stimulate interest i 


great scientists. 


n and interpret science to others.5 
s country. Even guiding 
tional ambition and aspiration is 


also included. The various outcomes of science education men- 
tioned in this book can be achieved through formal and infor- 
mal activities of the science club. 
Tt is least visualized that the varied activities of the science 
club are of great help even to the school counsellor for guiding 
function in relation to vocational ambition and aspiration in 
our country as well. Except for seeking clarifications in rela- 
tion to progress made, our problem should not be to do hair 
splitting on the aims and objectives of science clubs. It is, on 
the other hand, to translate part of these aims into partial 
achievements. In our view: fora developing country like ours, the 
following can be set as the aims and objectives of science clubs: | 


These aims have sense for us in thi 


function in relation to voca 


among students the general awareness of 


(a) To develop 
f science in social affairs. 


science and the role o 
s in the use and practice of science 
investigative questions, problems and 
Il be on environmental studies. 


(b) To train student 
methods through 
projects. Stress wil 


students certain scientific skills : 


(c) Lo develop among 
nication and concrete. 


manipulative, commu 
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(e) To develop amo: 
ng students scientific ; i ious 
branches of Science. Ауа 


(f) To prepare Students for effective Participation in science 


Science club is an evolvi ivi 
IA ng activ; i 
Jectives can be added later оп. z RAE a аша 


Activities 
There is no fixed list of activities 
should be based upon the stude "à 
nts’ int i 
teacher should float varied ideas off and ы Ptitudes. a 
other words, he should not force his ideas ie 
students. Science club activities are and shes 
А ге: 


(b) Paper reading for the club member, } ) 
of scientific interests, This will d. Various topics 
reporting. Include project 


(c) Activities or interests relating to ү 

munity resources (field trips). he survey of com- 
d) Organizing science exhibitions and S55 Mis t 
| science fairs. Participation in 


e) Conducting investigative Projects ang 1 
С and charts. * Preparing models 


Organization : : 
One of the science teachers at school will Organize it E 
- He 


should meet all the science students informally emphasizing the 


an», жы 
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All interested students should 
d discuss the formation of the 


mmittee may be set UP to solve 
headmaster's permission for the 


importance of science club. 
meet at a convenient hour an 
Science club. An ad hoc co 
Problems on the way: seeking 
formation of the club and requesting him for providing certain 
Physical facilities, purchasing OT borrowing of tools for the 
Club, students share in collecting the raw materials, membership 
fee, and the day and time for the science club. Our experience 
tells us that it is easier to start the science club with lectures 
and reading papers as the attendance in that case is generally 
fine. Hardly more than 10 p.c. of the students are interested 
in advanced project work. Rest of the members will prefer to 
Spend their time ОП charts, models, preparations like candles, 
Soap and hair oils etc. setting up simple experiments and 
bottling plant and animal life. Those with theoretical interests 
will be interested in the general nature and history of science. 
Further, our experience tells that а teacher need not necessarily 
Operate the whole constitution with a big bang оп the opening 
day. The number of offices should be few. It is also our view 
that these few offices should not be filled in a hurry. On the 
other hand, he who contributes most to the philosophy and 
action of the science club should be the student president or 
secretary of the science club. It is always better to start ina 
small way and then grow big. 


Tools 
A small workshop at the school is essential. Its equipment 
depends upon the financial as well as other physical resources» 
available, to a great extent, it also depends upon the type of 
investigative projects attempted as the school under the guid- 
ance of the science teacher- So tools may be purchased as and 
when found necessary: һе work can start with a sum of 
twenty rupees. Other services can be borrowed as paid for. 
four lists of tools each costing 


Now consider the following 
twenty rupees, forty TUPees> eighty rupees and two hundred 


rupees®. 
4. List of Tools Costing About Rs. 30/- Approximately 
1. Hand Saw 18” 1 No. 
1 No, 


2, Claw hammer 
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3. Screw driver 8” 1 No. 
4. Plier 6" 1 No. 
5. Try square 1 No. 
6. Two feet scale (wooden) 1 No. 
List of Tools Costing About Rs. 60/- 
1. Hand Saw 18” 1 No. 
2. Claw hammer 1 No. 
3. Screw driver 8” 1 No. 
4. Plier 6" 1 No. 
5. Wooden plane 10” 1 No. 
6. Hand drill with bits 1 No. 
List of Tools Costing About Rs. 120/- Approximately 
1. Panel Saw 18" 1 No. 
2. Claw hammer 1 No. 
3. Screw driver 8" 1 No. 
4. Plier 8" 1 No. 
5. Try square 6” 1 No. 
6. Jack plane (Wooden) 10” 1 No. 
7. Hand drill with bits 1 No: 
8. Marking gauge 1 No. 
9. Hack saw 1 No. 
10. Coping saw 1 No. 
11. Firmer chisel i 1 No, 
12. Mallet 1 No. 
13. Wood smooth file 10" 1 No. 
14. G. clamp 1 No. 
List of Tools Costing About Rs. 300}- Approximately 
1. Panel saw 18” 1 No. 
2. Claw hammer 1 No. 
3. Screw driver 8“ 1 No. 
4. Plier 8” 1 No. 
5. Try square 6” 1 No. 
6. Jack plane (wooden) 12” 1 No. 
7. Hand drill with bits 1 No. 
8. Marking gauge 1 No. 
9, Hack saw 1 No. 
]0. Coping saw [s 
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* 3" and 1” 4 No. 


11. Firmer chisels 2^, 3^ # 


12. Wooden mallet ] No. 
13. Wood smooth file 10” 1 No. 
14. G. clamp 6” opening 1 No. 
15. Combination oil stone 1 No. 
16. Bench vice 6” jaw 1 No. 
17. Bevel square 1 No. 
18. Steel scale 24° 1 No. 
19. Wing compasses 8” 1 No. 
20. Wood rasp file 10” . 1 No. 
21. Triangular file 6 1 No. 
22. Mortise chisels 4", 1". and v 3 No. 
23. Firmer gauges 3" and 1” 2 No. 
24, Snip 10" 1 No. 


4. Science Exhibition 

f science teaching going on 
within the precincts o Jt also helps to publicize the 
school as well as recognize the efforts of the young projecteers. 
to know that a group of British boys of 
ar School in England *beat the Kremlin 


by half an hour in announcing the latest Soviet manned space 
flight (Soyuz-11)? Even the highly trained scientists of the 
Jodrell Bank could not help congratulating these young ad- 
venturers for being the first in the West to pick these signals. 
It has been an exhilerating ho 
school since 1960 under the 


chers. Earlier, with the assistance 
station built in the school science Jaboratory, they had also the 


distinction of picking UP for the signals of the Chinese satellite 
It should not be lost sight of that the equipment used was ue 
at all sophisticated put simple and within the reach of man 
schools. Our boys can also do this provided their TN 
are fired. with similar problems in any area ofscience. Th 
science exhibition, therefore, provides a forum where Valente ue 
tools of our young projecteers can be assessed and recognized 
The science exhibition serves the following purposes : VN 


It is a window on the quality О 


It is a matter of pride 
the Kettering Gramm 


1. It exposes students as well as laymen to a wi 
2 aw 
of scientific phenomena, ide spectrum 
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2. It, specifically Speaking, cultivates the interests of stud- 
ents in the various branches of Science. 


3. It provides vast Opportunities to develop and show 
various Personality traits, for example, initiative, 
ingenuity difficulties, Persistence and self confidence in 
the face of difficulties, 


of science, 


Preplanning 


levance of preplanning, The following Variables can be con- 
sidered at the Preplanning stage : availability of physical 
facilities ; the nature of Cooperation to be sought from other 
institutions and teachers ; background work required for exe- 
cuting and Presenting new and newer investigative projects ; 
demonstration experiments and models etc., selection of activities 


exhibition- positively for they will as well know how to handle 
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Circumstances run counter to their expectations. Thirdly, a few 
wiring and entertaining experiments must be set up to 

Tact laymen and children. Fourthly, the student demons- 
trators must be trained and tested several times before they are 
actually asked to explain any project, exhibit experiment and 
€ven chart. Lastly, attempt should be made not only to deco- 
rate the exhibition tastefully but also involve science teachers 
Of other schools in several varied ways, for example, appoint- 
ment of judges, request for delivering talks, requests for talking 
to their own students about the salient features of the exhibi- 
tion. In other words, this means to give wide publicity to the 
exhibition by sending invitations to pupils’ families, science 
teachers, school administrators, district officials and even 


newsmen’, 


5. Reporting and Judging of Projects 


isa matter of practice. 
munication; and hence great care 
should be taken in preparing the final draft. In fact, itisa 
great help to get the preliminary draft read and corrected by at 
least two or three persons. At least, one of. them should be an 
expert in language. For giving a bird's eye view, it is also a 
good habit to give à brief summary as well as an abstract of the 
project. It is only then a good project report is ready for accep- 
tance either in the Vigyan Shikshak or School Science. If 
judged of inferior quality, it can be published in the school 
magazine. It then serves 4 local purpose. The following 
suggestions should be kept in mind before writing the report so 

posed to contain. Lastly, 


that the report contains what it is sup. 
there is no standard format for Writing because the final form 
ofthe project {repor ends upon the nature of the problem 


t dep 
investigated. following suggestions : 


Reporting 
Report writing 
It is a written means of com 


isa skill which again 


Now consider the 


mple language. Science has its own vocabul- 
f the report contains too many technical terms 
the report becomes less effective. Paragraphs loaded 


with highly specialised language can be understood by 
experts only. Such reports will not be useful for every 


(a) Use of si 
ary but i 
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(b) 


(c) 


(d) 


(e) 
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Person who is interested in the Subject. It is necessary 
to use technical terms at essential places, but the over- 
all report should be simple. 


Teport. A good Ieport, therefore, communicates in 
unambiguous words what the investigator intends to 
convey. The report should be Precise but not too 
Precise to understand it A balanced situation is the 
Solution. This can be done if investigator puts himself 
in the situation of a reader. If he finds a little difficul- 
ty in understanding any idea in his first draft, it means 
be done to reshape the 
ve principles, the project 
Although majority of 
scientists have adopted a format for reporting their 


results, this could be changed to suit the individual 
problems, 


The problem should be written 
in exact and Specific words. No further explanation of 
the problem js necessary here, but any details about the 
Plants or chemicals on which the study is made should 


Hypothesis, The principal intellectual instrument for 
a scientist is the hypothesis. Many hypotheses may 
arise in the mind of investigator and his main work is 
to think of an explanation to accept or reject a parti- 
cular experiment. These explanations can be based on 
experimental results or rational judgements. „The func- 
tion of an hypothesis is to indicate new experiments and 
observations, A relevant discussion on hypothesis 
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(f) Materials and methods. 


(g) 


(h) 


(i) 


(1) 


(k) 


o the problem. The investigator 


brings reader closer t 
favour of his conclusions. 


should convince the reader in 


The discussion on the tenta- 


tive and more likely correct hypothesis should be 
followed by а detailed description of materials used 
and methods employed. The description should be so 
exact and so complete that it enables any one to repeat 
the experiment. If the special apparatus is made for 
the experiment, giving the details of its construction are 
fferent arrangements in the apparatus 


necessary. The di 
e help of a photograph or diagram. 


can be shown with th 


1 observations taken dur ing the experi- 
ted. The appropriate use of tables 
lify the summarization of observa- 
ese should be clear, simple 


Observations. Al 
ment should be repor 
and pictures will simp. 
tions. If terms are used, th 
and free from mistakes. 
Interpretation of data. After collecting observations, 
retations should be made. Different 


the various interp: 
р mathematical calculations make it 


graphs or step by ste 
easy to put forward the idea clearly. If any help of 


previously known formula or theory is taken, a com- 
plete reference should be made at the place. 


The interpretation of data leads to 


Main conclusion. 
f conclusions. 


a few statements © 


It is always good fgr author to point out 
any flaw in the experiment himself than waiting for any 
other person to point out the weaknesses. All the 
limitations of the conclusions and sources of error 
should be reported. The investigator knows the weak- 
nesses ОЁ experiment and he should readily mention these 


at this place unhesitatingly. 


Limitations. 


Striking observations. If something is unrelated to the 
particular experiment under study, but quite significant 
Bee ЕЙ should be reported. Often such observa- 
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tions have led to important discoveries. The discovery 
of diabetes, the way of spreading of cholera, etc., were 
made on the basis of side Observations. The correct 
Teporting of such observations may give a clue for 
better explanation of the same problem. 


(Ü Problems for further investigation. A good project is 
опе which leads to further Tesearches on the same topic. 
A list of such problems that may have struck the in- 
vestigator as side problems while pursuing his main 
problem should be Teported at the end. 


(т 


= 


Bibliography. АП references which were used during 
work should be listed. If the reference is a book, it 
should state author, title, Publisher, date, place of 
publication and pages. If magazines are consulted, it 
should state author, title of the article, name of maga- 
zine, date and number of issue and page numbers. 


(n) Acknowledgements. Briefly, all the acknowledgements 
should be made in the end. Most reports can be fitted 
in the above format but investigators are free to modify 
it according to individual Problems. For example, a 
project in mathematics mày be reported in a different. 


way from the projects in physics or biology or 
chemistry. 


Judging р 

Tt forme 5 ошап aspect which has escaped atten- 
tion. Poor judging will result in the Poor execution of projects. 
There is, therefore, a need for educating judges on this score. 
The followins оша developed аз а result of discussion with 
the participants x (е various summer institutes of the Science 
Club sponse eld at the Regional College of Education is 
given below- t 5 marked out of 190 marks and has the 
following jn d namely, Scientific Approach (20 marks) ; 
Originality 6 k ). 2) > Skill and! Workmanship (20 marks) ; 
Display (15 marks); and Personal Interview (15 marks), 


Marks 


(a) Scientific APproach 20 
(i) Principles involyeg 5 
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(ii) Orderly collection of data 


(iii) Scientific thinking 
(iv) Accuracy 5 


(b) Originality 30 
(i) Planning 10 

(ii) Execution 10 
(iii) Use of materials 5 
(iv) Considering class levels 5 

(c) Skill and Workmanship 20 
(i) Good workmanship 10 

(ii) Neatness 5 
(iii) Proportionate size ` 5 
(d) Personal Interview 15 
(i) Understanding principles 10 

A 5 


(ii) Interpretation 


n be added and corresponding 
o publicize this weigh- 
o score high on their 


spects ca 
healthy practice t 
projecteers how t 


If necessary, other a 
weightage given. It isa 
tage because it tells the 
projects’. 


Concluding statement 


Science, engineering and technology are in the news these 


days. They are influencing us. ОШ society and environment in 
so many diverse Ways. It is for this reason alone that attempt 
should be made to familiarize our embryo citizens at least with 
the nature of scientific enterprise for the knowledge of content 
(which is limitless), of course, necessary is not sufficient. They 
ought to experience science for some time in its imulti-varied 
aspects : selected products of science having relevance to their 
lives, processes of science, aims of science and scientists 

people. The execution of a project, therefore, goes a lon aS ү 
in familiarizing them with the methods and кога E: 
science. They get abundant opportunities of their choice to 
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develop their intellectual acumen and personality traits. They 
see the irrelevance of cramming facts, concepts, definitions, 
equations, and constants etc. simply as aids to pass the exami- 
nation. This impact is all pervading which in turn influences 
their general outlook in other branches of knowledge including 
personal behaviours. They tend to sec science, conceptually 
rather than factually, that is, far beyond the dates of Panipat 
battles and the name of places and Kings. They also see that 
they are not being educated in science if they are only taught 
about the working of the television without the basic notion of 
electron. Further, they also learn ‘how to learn’ in an area 
which is the least controversial : science. The demands on the 
future scientists are going to be more stiff. We in this country 
will be deceiving ourselves if we continue to downgrade subject 
matter or increase its bulk or lump without Paying any serious 
attention to the structure of the subject. Science as experience 
or in ‘search of meaning’ or as a "mixture of fact and fancy’, 
foolhardiness and crankness, not even excluded, is an 'attempt 
to make children see science Steadily and to see it as a whole ; 


releyant branch of science; and to increase their capacity for 
intellectual pleasures by Opening to them the inexhaustible 
pleasures which science discovers in the world of everyday life’ 
(Halmyard). It is only then that the achievement of the 
` behavioural objectives at the highest leve] takes place among 
the projecteers who in their turn x-ray their own evolving con- 
cepts more penetratingly even at the cost of tolerating quite a 
bit of vagueness in their forward march of discovering new 
knowledge and techniques, In this process, they measure them- 


physical world (more ог less Permanent) changes profoundly 


т the years. _ 1 
1, Selene is a mine of ideas for the development of engineer- 


ing and technology- The latter can’t progress in the absence of 
i 


Т) x 
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inant 1 turned scientists who 
de y such ideas for exp | ugh research and 
Dick Зр commercially to technologists. The inventors can 
i ES: p their ideas independently so we need projecteers of all 
D ERE AT (working with paper pencil), scientists, 
AR ogists, | engineers and inventors to serve the cause of 
ХА Doing Scientific Enterprise in our times. A few of them 

y get interested towards the fag ends of their lives in the 


Ыш ру of science. We have in this country hardly a couple 
of philosophers of stature specialists in the philosophy of science. 
To quoteR. Sonne Cohen : 


"There i 
here is a need for such personnel: 


Philosophy is a persistent attempt to grapple Wi 
tions, when foundations are shaken, philosophy 1$ 
When the times are revolutionary» 
effects upon philosophy are revolutionary 100: And when 
the foundations of scientific knowledge undergo revolution- 

тепсе receives 


then th 
Jf the challenge ! 


Such i Р 2 
h ideas. It is the projecteers, later on, 
Joitation thro 


than dimissed, the Г 

can be productive iberating. 
education can be similar. But the way to 
from old mental habits is through thickets of problems, 


tough and thorny- 
w role as centres 


It is the job of the schools to take up а ne 
ofinquiry in the context of the demands made on them in the 
ieth century. They have to act as 

han remain satis- 


closing hal 
centres of inquiry 0 
fied with the current 5 
the annual examination. It s 
general aim which strengthens 
national rejuvenation in the hig 
market. Otherwise education then, 


be investment into man. The maint 
poverty in the midst of rich resources 1S а great slur on our 


intelligence and the manner in which we train intelligence un- 
reflectively in the country. Our problems of food, shelter 
clothing, defence.” and in short, economic development Ка 
not dishearten u$ put instead, challenge us to solve them crea- 
tively with the of science and technology. As a great 
physical giant, ОШ ds not implore for head-space 


nts of change rather t 
ing their wards for passing 


tatus of prepari 

hould only be a part of the 
national vitality ог leads to 

Му competing international 

largely speaking, ceases to 


tenance of age old object 


help 
r country nee 
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under the global tent but raise its sights, both qualitatively and 
quantitatively, on distant horizons. To quote A.C. Joshi :, 


ion will not produce the 
at is needed is a well concerted plan. 
per should be created. 
P to science education. At 
ation imparted on a gigan- 
mper and modern out-look 


progress as poverty, starvation and 
helps to remove. There isno dang 
spiritual values by the advanceme: 
contrary, only the material develop 
creasing the stock of trained scienti 
labour can preserve our ѕосіеѓу?, 


tively beyond recognition in the fore- 


India Science Teachers Association and the NCERT have 


given such a clarion call in the Past. It is now for the science 
teachers and other agencies, Particula 


give such a call as intense as 
alternatively, the nation Should ag 
like the electrification of Paris, in th 


Seeable future. The All 


on our teaching-learning Science ; 
in learning an exciting Subject like 


the wake of Second Industrial Revolution. Let Projecteers 
dream and work that way at tne breaking of dawn. When 


grown up, they will find their own conducive environment, as 
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f. А А 
ar as possible, unaided, whatever be the eclipsing factors, 


pep or tendencies of escapism, for they have mastered 
ak cae rather than the restraints. How Children Discover 
ДҮП wledge brings their little nascent dreamy insightful worlds 
à er to their brainy heads; confident legs and clever fingers for 
xecuting firm strokes successfully over the years on joints of 
problems (Plato) inventing, creating and acquiring in the 
Process, new concepts, insights and skills leading to scientific 


discoveries and techniques, пау even beyond, for they will, 
strictly speaking, cease to be ‘intellectual computing ‘machines’ 
but find science as the very ‘slice of life’ (Stephen Toulmin) from 
which it emerged thousands of years ago and to which it will 
return in the age of exploding knowledge (J.D. Bernal) in the 
not too distant future. What then is the inhering central 


message of this book ? 
Get a little away for you аге obstructing their vision of 


science in the making. Expose them to fundamental 
scientific phenomena with a view to let them share first hand 
experiences of intellectually honest scientific ecstacy as well as 
frustration of what jt means to investigate à simple scientific 
problem experimentally in the face of preliminary successes Or 
failures. Try to uncover rather than cover science by treading on 
unbeaten tracks, at least, for some of the time in day-to-day 
science teaching. Help them to develop their own hardiness or 
edge in thinking by motivating them to turn, return and again 
turn inside out on their own schemata (F.C. Bartlett, Jean 
Piaget and К.К. Skemp) ог self-loop problems (J.S. Bruner). Let 
them find that it takes time to give as well as judge tentative 
findings even on a simple scientific question at the always in- 
complete cathedral of science, reason being that every sound 
scientific argument is ‘shot through PERHAPSES, and MAY 

MING and HAWING' (Rudolph Flesch). It is 


BES and HEM 
only then the transductive perceptual structures evolving conti- 
nuously constitute 4 coherent whole in the phraseology of the 


Geneva school. It also illuminates the very basis of science to 
eir students by prompting and encouraging them 


teachers and th 

to master more stimuli rather than more restraints or what it 
looks like acting like jokers in the development of science while 
trying hard to reach destination with or without direction by 


developing friendship with confusion on the way—for major 
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Regional College of Education, Ajmer, February, 1970. 
Contributed by Piyush Swami, Research Associate, 
Science Youth Project, Regional College of Education, 
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